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General Introduction 


Scientific discoveries, and their applications in industry, communica- 
tions, agriculture, medicine and war, have caused great changes in 
the lives and habits of most of mankind during the last 150 years. 
Men's ways of life and thought are not yet accustomed to this change. 

Because of the destructive power of some scientific inventions, 
many men have lost faith in the future of mankind; because of the 
marvellous power of other scientific inventions to increase the well- 
being of mankind, many men have expected Science to find an 
answer to all life’s problems. Both of these views of Science show a 
misunderstanding of what Science is and what scientists can or can- 
not do. How can such misunderstandings be prevented? 

It is not enough to train expert scientists; they are necessary, but 
it is equally necessary that ordinary folk should know what scientists 
try to do and how they try to do it Before they can understand the 
scientists' work, non-scientists must first learn what Science is. For 
this, a knowledge of scientific facts and principles is not as important 
as an understanding of Science and the methods used Jo its study. 
And this understanding of Science must become a part of men's 
everyday thought. 

Understanding comes through education; but the understanding 
of Science must not remain merely an aim of education; it must 
become part of it. In schools, isolated courses in one or another 
aspect of science must be replaced by a view of Science as a whole, 
and of its part in learning. 

That is the basis of the project, in this series of books, to advise 
and help teachers of Science. The emphasis is put on methods of 
teaching and lines of approach lo the subject matter, rather than 
on the content of a syllabus. It is hoped that, by the use of good 
methods, the teacher will be able to lead his pupils towards an appre- 
ciation of scientific methods and an understanding of Science. 
Through sound education, not only will the few receive the basic 
training that will fit them for specialization later, but the many will 
grow up vrith an intelligent grasp of Science and its significance in 
Uieir social and economic life. 
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THE SCOPE OF THE SERIES 

There are lea volumes in the series, designed specially for Sdeoce 
teachers in tropical areas and countries that are not yet highly 
organized and industrialized, and where the applications of science 
are not yet apparent in the daily life of all citizens: — 

I The Teaching of Science in Tropical Primary Schools 
n The Teaching of Rural Sdcoce in Tropical Primary Schools 
m The Teaching of Health Science in Tropical Primary 
Schools 

IV The Teaching of Home Science in Trojrical Primary 
Schools 

V The Teaching of Arithmetic in Tropica! Primary Schools 

VI The Training of Primary School Science Teachers 

VII The Teaching of General Science in Tropical Secondary 

Schools 

VEI The Teaching of Physics in Tropical Secondary Schools 

IX The Teaching of Chemistry in Tropical Secondary Schools 

X The Teaching of Biology in Tropic^ Secondary Schools 
Volume I is concerned «1th the teadung of Science to children in 

the age*group 6-12 approximately, who arc receiving their first 
formal education. It b desgced for students in teacher-traimng 
colleges and practising teachers in primary schools. They are shown 
how to male the most of the children's natural interests. 

Volumes II, HI and IV also arc written mainly for the benefit of 
the primary sdiool teacher. They treat Science at the same level as 
Volume I, but from different aspects. Thus, Volume n b of especial 
value to teac h ers in rural sdioob: it does not ^ve instruction about 
the teaching of ‘Fanmng’ or ‘Agriculture', but uses thee activitie 
to pve practical example of scientific methods and principle in 
actioiL Similarly, in Volume 111 the importance of Health b the 
theme of Science teaching. The book will help any teacher, and will 
be of particular use to those in place where great efforts are being or 
should be made to raise standards of health. Volume IV associates 
the teidiiag of Science with tifeiatht home, as the of a Science 

course for prU. 

Volume V deab with the fondamentab of Arithmetic as an essen- 
tial component of Science. 
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Volume VI is concerned with the training of teachers who are to 
give the science lessons in Primaiy Schools, and who, it is hoped, 
will adopt the methods suggested to them in VoJs. I-V, 

Volume VII carries (be teaching of General Science to the earlier 
years of a secondary course: 4-5 years in the age-group 11-18 
approximately. It shows how the work can be regarded both as a 
course of educational value for its own sake and also as a foundation 
for further studies. It gives full information on laboratory design 
and organization, minimum equipment, and maintenance. 

Volumes VIII, IX and X discuss the teaching of the three branches 
of Science usually taught in the higher classes of secondary schools. 
The place and treatment of these subjects in junior work also is con- 
sidered briefly. The chief aim of these three volumes is to assist the 
teacher of students who are beginning to specialize, probably with 
a university career in view, i.e. those who are undertaking ‘sUth- 
form’ or ‘scholarship* or 'Brst-year uadergraduaie' studies. 

Trie A(M$ OF Tire seribs 

Thus, the intention of this series of books may be summarized as 
follows:— 

(o) To help teachers of Science to realize the importance of their 
work in the community; to help them to guide their pupils to an 
understanding of the significance of everyday occurrences and experi- 
ence; and so to educate them to take an intelligent interest in social 
and economic affairs and to be useful members of their communi^. 

(h) To show how Science instruction can be organized as a con- 
tinuous whole, in accordance with modern views of co-ordinated 
teaching, and how'il can be adapted to meet any special requirements 
of a particular type of school. 

(c) To suggest a comprehensive «:herae of leaching based on 
sound educational and psychological principles. 

( d) On the basis of the practical teaching experience of the authors 
and the general editor and (heir advisers, to outline the content of 
Science teaching from the Primaiy to the Pre-University level. 

This series originates in the need, so often expressed to the United 
Nations Educational Scientific and Cultural Organization, especially 
by those responsible for education in tropical countries, for more 
and better science teaching in primary and secondary schools. These 
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educationists share world-wide opinion that training in Science is 
essential to modem education, to the improvement of health and 
living conditions and the promotion of agriculture and industry. In 
response to their appeal Unesco conceived the plan and the method 
of presentation of the series and subsidized the preparation of the 
ten manuscripts. Responsibility for choosing the authors and the 
general editor and for the cost of publication was undertaken by 
the Oxford University Press in agreement with Unesco. 



Preface to Volume IX 

This book is concerned with Ihe teaching of Chemistiy at the 
secondary level, dealing with the instruction of pupils in the approxi- 
mate age-group II-I8. It is intended chiefly for the use of young 
Science teachers in secondary schools and for leacbers-in-!raining, 
but it will also present new points of view to more experienced Science 
teachers and should prove to be of interest to other educationists. 
Further, the book will be of value in school and public libraries, as 
pupils will be able to find out the reasons for the inclusion of 
Chemistry in the curriculum, and to make use of the charts and 
other reference maierial. 

The book is parallel and coraplcmcntary to Volumes VIII and X, 
and treats Chemistry as a separate science at the Pre-University 
stage for intending Science specialists. At the same time there is 
mu<^ advice and information for (hose who teach the subject to 
lower classes, either separately or as a part of a General Science 
course. 

The teacher will And help in the selection of suitable material for 
Science lessons, and in the planning and carrying out of practical 
work. The chief aim is to show how scientific methods can be encour- 
aged and how pupils can be led to an understanding of Chemistry 
and the work and procedure of the chemist Much practical advice 
is given, but, although most aspects of Chemistry teaching are dis- 
cussed, no attempt has been made to provide an exhaustive study of 
educational, philosophical and psychological influences. The treat- 
ment given, however, is sufficient to indicate the important part taken 
by Chemistry in the educational system of today. 

The methods advocated in this book are necessarily the reflection 
of but one teacher’s beliefs and experience, yet the author’s object 
has been to collect, and to arrange in suitably available form, much 
scattered information. As far as is known, orrly the author has 
previously written a book devoted exclusively to the teaching of 
Chemistry, but ideas and practical advice have been assimilated 
from other Science teachers and many sources. 

The author would like to express his sincere thanks to many 
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friends for ihe help freely given during the writing of this book. He 
is greatly indebted to Mr. F. Daniel for his helpful suggestions in the 
planning of the contents. He is grateful to Messrs. Hcinemann and 
Co., the publishers of his Teaching of Chemistry, for their willing 
permission to base the present book on that work. 

N. F. Newbury 

St. Helens, May 1953 
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CHAPTER I 


The Development 
and Present Position of 
Chemistiy 

The early history of Chemistry 

Although of comparatively young growth, Chemistry has gained a 
secure position in the curricula of schools, technical colleges and 
universities, both as an essential part of general education for life 
and as a separate branch of Science. The importance of the subject is 
now recognized by all educationalists. A study of the development 
of Chemistry itself and of its introduction into educational instltu- 
tjons reveals a steady advance to its present status. 

The word Chemistiy is probably derived from the Egyptian word 
chemela, meaning Egypt, the black land of the Nile. The Chinese 
and the Egyptians carried out simple operations of filtering, 
evaporation, distillation and sublimation. Substances were purl* 
Red and reactions studied in the everyday processes of brewing, 
tanning and extraction of metals, and in making pottery and 
glass. 

The Greeks, notably Aristotle (384-322 b.c.) and Democritus, 
based their views of the structure of matter on pure reasoning, with- 
out confirmation by experiment. At the beginm'ng of the seventh cen- 
tury the Arabs systematized the then known facts. Th^ also prepared 
dyes, glass, silver nitrate, hydrochloric acid, nitric acid, sulphuric 
acid and ammoruum chloride. Further, they devised new types of 
apparatus and built libraries and laboratories. By conquering Spain 
they first carried the knowledge of Ch«n{stry into Europe, hf uch of 
their time was, however, given to Alchemy. The alchemists were 
preoccupied in trying to discover the universal solvent (a liquid to 
dissolve ail other substances), the elixir sitae (a cure for all illnesses 
and diseases) and the philosopher's stone (a substance which changes 
commoner metals into gold). Unsuccessful atiempts to attain these 
aims led to much fraudulent practice and little development of 
Chemistry as a science. Indeed, except in the design of apparatus 
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notably the development in the use of the balance by Black, little 
progress was made until the seventeenth century. 

The name of Paracelsus (1493-1541) is connected with the period 
when chemicals were first used as medicines. Although an alchemist, 
Paracelsus emphasized the value of observation and the need to 
question the statements of older authorities. He thus helped to free 
this primitive science from superstition. This period of iatro- 
chemistry, or medical chemisiiy, was notable for improved methods 
of preparing and purifying chemicals for pharmaceutical uses. 

Chemistry as a science dates only from the tin:\e of Robert Boyle. 
The foundation of scientific method was laid by Francis Bacon 
(1561-1626), who stressed the importance of accurate experiment 
and an orderly arrangement of facts. He brought to the forefront the 
inductive method of reasoning as a guide to investigation, that is, 
the process of discovering and proving general statements from 
particular cases. 

A scientific method was now developing, and Chemistry was put 
on a firmer basis, Robert Boyle (1627-1691) is considered to be the 
founder of modern Chemistry. His papers on the structure of matter, 
combustion and the physical properties of gases are of prime im- 
portance. He did much to free Chemistry from the early super- 
stitious ideas which clung to it and contended that Chemistry should 
be studied so that human knowledge could be increased. 

A little later the important researches of chemists of dilTcrcnt 
nationalities, chiefly Black (1725-1799), Cavendish (1731-1810), 
Priestley(l733-1804).Scheele(1742-1786),andI.avoisier(1743-1794), 
showed that Chemistry was becoming a Knence with vast possibilities. 
The work of these pioneers was concentrated on the properties and 
composition of air and w’ater, the processes of respiration and com- 
bustion, the nature of acids and bases, and the preparation of the 
commoner gases. The present elementary Chemistry courses in 
schools arc based on these topics. It is well nowadays to make some 
reference to their historical aspects in order to sliow pupils how 
Chemistry has developed. 

Notes on 'the Makers of Chemistry' (sec Figure I) 

van llehnont (I577/15S0-1644) was a practical chemist who first 

used the terra gas. He prepared diflerrnt gases by ihe action of acids 
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on metals, by ferroenlation and by burning charcoal, and studied 
their properties. 

Stahl (1660-1734) \^’as the originator of the phlogiston theory of 
combustion which was no longer satisfactory when oxygen had been 
discovered. Phlogiston was assumed to he present in substances 
which burnt and to be given off during burning. Carbon and bydr^ 
gen were thought to contain mudt phlogiston. According to this 
theory, when lead oxide was healed with carbon the phlogiston from 
the carbon returned to form metallic lead; when lead itself was 
heated in air phlo^ston was given off to form lead oxide. 

Black (see Hgure 1 for dates, etc.) was the great pioneer in quanti- 
tative Chemistry since he approached research through the use of 
the balance. He studied the relationship between calcium carbonate, 
calcium oxide, calcium hydroxide and carbon dioxide. He was the 
first chemist to recognize and study the properties of carbon dioxide. 

Cavendirh investigated the properties of carbon dioxide and 
hydrogen, studied the composition of air and water, and improved 
methods of collecting gases. 

Priestley prepared many gases, including oi^gen, nitrous oxide, 
nitric oxide, sulphur dioxide, hydrogen sulphide, ammonia, hydrogen 
chloride and silicon tetraQuoride. He Improved the apparatus used 
to collect gases by displacement of liquids. He exploded a mixture 
of hydrogen and oxygen to form water and showed that oxygen 
play^ an essential part in the breathing of animals. 

Scheele was essentally a chemist who worked in the laboratory, 
and he discovered chlorine, hydrofluoric acid, ammonia and (inde- 
pendently of Priestley) oxygen and hydrogen chloride. He studied the 
properties of hydrogen sulphide, arsine, manganese and barium 
hydroxide. 

La\oisier, a Frenchman and one of the most brilliant of all 
chemists, heated mercury in a known volume of air to form mercuric 
oxide, Tn turn, be heated the mercuric oxide to recover the mercury 
and Oxygen and showed that the weight of the mercuric oxide was 
equal to the combined weight of the mercury and oxygen. Further, 
the weight of the oxygen lost from the air was equal to the weight 
combining with the mercury. He thus verified the law of conserva- 
tion of mass. His studies disproved Stahl’s phlo^ton theory and 
he formulated the present theory of combustion: that breathing is 
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slow oxidation, that burning is lapd oxidation and that oxygen is 
necessary for breathing and burning. 

Lavoisier also showed that water is a compound of hydrogen and 
oxygen and that air is a mixture. He collected and classified many 
of the then' known facts of Chemistry and proposed the present 
system of naming chemicals, including sulphates, carbonates and 
nitrates. 

Dalton (1766-1844) formulated the basis of the atomic theory 
and thus gave a theoretical explanation to the laws of constant 
composition, of multiple proportions and of the volumes of gases 
reacting. He proposed the use of geometrical symbols to represent 
atoms. 

The present position of Chemistry 

The present position of Chemistry in schools, technical colleges and 
universities in progressive countries such as those in North America 
and North Europe is soundly established. The content of modern 
syllabuses and the methods of teaching are, however, largely deter- 
mined by the requirements of such examinations as those for the 
GeneratCertificateofEducation, the National Certificate, and Univer- 
sity Degrees. Increasing numbers of advanced students are preparing 
for these examinations, although in many cases the expansion of 
General Science has decreased the amount of time available for 
individual practical work in elementary Chemistry. It is not possible 
at this early stage to assess the full influence of teaching Chemistry 
as a part of General Science rather than as a separate subject. 
Further, incessant warfare or fear of war during the last fifty years 
has stressed the importance of Chemistry to both individual and 
community, and has led to new views on the philosophy of life and 
a consequent diflercnce in approach to Science in general and to 
Chemistry in particular. There have been fundamental ch.inges in 
the political background and economic outlook. The rapid increase 
in world population presents a fundamental problem in food supply. 
Many teachers take every suitable opportunity, es^ially with older 
boys and girls, to link their leaching svith social problems and 
responsibilities. ' 
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The coniribution of Chemistry to cnilization 

Chemistry is one of the major branches of Science. In simple lerms 

it deals with the ways in which man obtains the materials he requires. 

U deals with the substances maViog up the universe, e.g. sea, air and 
latid, and the way these materials behave when in contact with each . 
other under certain conditions. 

For convenience, two types of chemists are sometimes differ- 
entiattd— the pure chemist and the applied chemist. The pure 
chemist seeks to explain and discover. His only motive is the desire 
to extend knowledge. He pins intellectual and aesthetic satisfaction 
in solving problems. Well-known examples of pure Chemistry are 
the discoveries of radium by Madame Curie and penicillin by 
Fleming. The applied chemist uses known facts to invent a device 
or to impros-e a manufacturing process for the immediate benefit of 
the community. His aim is primarily profit in discovering amenities 
which benefit mankind. The pure chemist is not concerned with 
obtaining results and conclusions of practical value, but, in principle, 
he investigates problems in which be is interested so that he may 
obtain new knowledge for its own sake. By contrast, the applied 
chemist has a definite purpose, and he is cbiefiy concerned with the 
methods and techniques of achieving this. Both classes are, however, 
interdependent and it is unwise to stress their separate functions 
unduly, since their aims, methods and efficiency arc much the same. 

The material and non-material benefits derived from the use and 
study of Chemistry cannot always be separated from those of other 
sciences, particularly Physics and Biology. 


Some malerhJ benefits derhedfrom the advance of Chemistry 

J. The contribution to improved health: (a) By increasing available 
supplies of coal-gas, water, electricity, petrol and oil. (6) By increas- 
ing the length of human life by belter medical attention; (the e.tpecta- 
tion of life,* at age 0, has twn increased by nearly twenty years 
since 19CO in Great Britain where, on the average, a young man may 
now expect to live to about seventy and a young woman to about 
sev-enty-five). (c) By the discovety of anaesthetics, antiseptics and 


mwiMthemanber of yean a fwsoo may expect to „ . 
aitet the *se be has already reached. It is. for each age, an average calculated 
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drugs, which have reduced pain and made it possible for operations 
to be increasingly successful; (in 1900, 136 English infants in every 
1,000 died in the first month of their lives, but in 1950 this number 
was reduced to 28 per thousand), (d) By making sanitation more 
efficient: modem sewage systems, pure water supplies and better 
lighting and heating facilities are gradually becoming more widely 
avtulable. (e) By reducing accidents and ill-health in industry through 
improved safety measures and devices, e.g. Davy’s safety lamp, and 
improved conditions of ventilation. (/) By the gradual spread and 
application of a knowledge of dietetics, involving balanced diets, 
tvitb special reference to vitamin requirements. 

2. The supply of foodstuffs.— A greater variety of foodstuffs is now 
av^able over longer periods of the year through refrigeration, 
drying, canning and other methods of preservation. Increased yields 
of crops are made possible by the use of fertilizers; purer foodstuffs 
are sow prepared; and harmful insects and animal pests can now be 
destroyed more effectively, 

3. The Increase hi comfort, convenienceand pleasure.— DoTin^Teceni 
years the genera] standard of living has been raised in many parts of 
the world. A greater variety of colours and new texliJes is available; 
travelling is possible by train, ship, motor-car and aeroplane; tele- 
vision and wireless sets and cinemas are now regarded by many 


froin hundreds of thousands ofcases. Avaitabl* figures (given to the nearest year) 
arc: 
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people as necessities; and clatrical equipment is used in increasing 
quantities. 

Chemistry supplies the materials— metals, plastics, textiles, wlour- 
ing material, petrol, etc.— required for many of these amenities and 
necessities. 

4. The increased efficiency of industrial processes . — New products 
ate manufactured as substitutes for natural products. Some of these 
have very similar properties to the natural products, while others 
have special properties of their own. Synthetic rubbers, plastics, 
rayon, and vanillin are used respectively instead of natural rubber, 
wood and glass, natural silk, and vanilla, although their chemical 
nature is different. Chemists cany out research on the preparation 
and properties of these materials, and arc concerned at every sta^ 
with increasing the efficiency of the industrial process to secure higher 
yields and purer and more useful materials. Further, chemists invent 
methods of using less fuel, they prevent unpleasant gases entering 
the air, and they suggest means of using waste products from 
industrial processes. 

5. The reduction of dependence on hcol natural Syn- 

thetic substances such as sodium nitrate and camphor are made in a 
number of countries from commonly occurring maierials, so that the 
monopolies formerly held by Chile and Formosa respectively have 
been broken. 

Some non'inaterial benefits 

L Chemistry has a cultural vaiue. — Chemistry, as an essential 
major branch of Science, plays an important part in the development 
of moral and intellectual capadtics. It must be emphasized that 
scientists, like artists and musicians, derive intellectual and aesthetic 
benefits from their activities. Further, no educated man can be con- 
sidered cultured today unless he has a knowledge and appreciation 
of Chemistry and its appiicatjons. It is not sugested that Science 
should have any privilege over the ArU and Music, but that ‘a sodefy’s 
heritage and contcmporaiy |vogress in science is as integral a part 
of that society’s culture as its music and literature and should be 
absorbed normally as part of a ^eral education’. 

2. Chemistry is tntemationaJ.~Ths facts and prindples of Chem- 
istry are shared, and new facts appear in Chemical Journals for the 
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benefit of people of all nationalities. The aims, laws and chemical 
symbols are the same for all countries, and many chemical problems 
have only been solved by the united efforts of chemists of different 
nationalities: e.g. combustion, the periodic classification and 
atomic structure. 

3, Chemistry helps to reduce superstition. — A knowledge of Science, 
including Chemistry, helps to remove belief in quackery, superstition 
and witchcraft and to discourage the persistence and groNvth of 
undesirable human habits of conduct and health. Advertisements 
concerned with the facts and principles of Chemistry ought to be 
checked from time to time either by suitable chemical analysis or by 
the use of the scientific method. 

4. Science, including Chemistry, is a meihod. — Scientific attitudes 
and habits of thought have important personal and social functions, 
and learning the facts of Chemistry ought to be considered as a 
means rather than an end. Science is a method, not a body of dogma. 

The social implkathns 

Today, more than in the past, emphasis is given by some men of 
science to the viewpoint that all branches of Science develop best 
when actively related to problems of the world's work. Some assert 
that pure Science only advances when the contemporary social 
siruciurc is capable of making full use of its leaching, and when new 
problems are provided by the community. In short, the needs of the 
society create a particular demand. If the state, financiers and latge 
firms benefit from research, then they in turn are prepared to finance 
it. It may be pointed out that there would be little need of spectacles 
if there were no printing, nor would telescopes and microscopes have 
been devised if glass lenses were not required for spectacles, nor 
would astronomy or bacteriology have developed without telescopes 
and microscopes respectively. 

The social wponj/fi////iVs.— Chemistry will be the profession of only 
a small, but important, minority of today's school children. U is, 
however, essential to develop an interest in Science, including 
Chemistry, in every intelligent dtizen so that be may realiae that his 
very existence depends on the control of Science and its discoveries. 
On the other hand, the trained chetmsl himself ought to develop a 
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socM comcicoce. No loogei should the PolW^" ! ifrnvS!S‘ 
be left with the ultimote coutrol ofChemisUy and all that it tuvolees, 
while the chemist stands by and disowns responsibility. 

PupUs should realize that the special eharactensuc of human 
existence today is the dependence of modern civilizaUon on Sacn«. 
Man cannot control Science unless he is aware of its rrf nature, ana 
has a proper knowledge of its aims and principles. Chemistry ^ 
advanced too rapidly in recent years for most people to appreciate 
its influence fully, and to apply it completely to improv'c the com 
ditions of life and society, so the professional chemist has a spcaai 
responsibility to the community. _ 

It seems evident that economic self-sufTiciency is impossible in any 
progressive country, and that necessities such as petrol, rubber, fuel, 
fertilizers and foodstuffs must be imported, wholly or in par^ ^ 
most countries from elsewhere. Ciliwos must realize this, and 
prepared also to learn by education and experience that 
coveries of Chemistry must be controlled for the general benent ol 
all mankind. World-wide problems in malnutrition, discaM and un» 
employment remain to be solved. !t is obviously undesirable that 
steel should be used to make tanks and guns rather than to construct 
bridges and houses, except when national survival is threatened by 
external aggressioru 

Finally, the control and proper utilization of chemical research 
and inventions— like that of all sdcntific inventions — is only possible 
when it is realized that the interests of humanity at large roust be 
served. 



CHAPTER II 


Reasons for 

the Inclusion of Chemistrj' 
in the School Curriculum 

The benejits derived from the stud/ of Chemistry 
The Iraincd Chemistry teacher wilt be acquainted with the ideals and 
aims or his subject and of the scieniiRc attitude and method, but 
many difficulties arise when he attempts to interpret them so that his 
pupils may be inspired with enthusiasm for such ideals. Indeed, the 
problem of discovering the best methods of training young pupils to 
appreciate, as far as possible, the principles and methods of any 
science cannot easily be solved. 

For convenience, the chief educational advantages derived from 
studying Chemistry are tabulated below. As emphasieed elsewhere, 
these advantages are shared with other branches ofScience, and it is 
generally accepted that all pupils should study General Science in the 
first place. 

/. Chemistry gives an essential background of knowledge for cuN 
lural development— it wpands the pupil's knowledge of the universe 
and of his position In it; it helps in the appreciation and enjoyment 
of nature and fife; it offers a basis for a proper and valuable use of 
increased leisure; and it stresses the need to take an active and Intel* 
ligent share in the dcs’elopmenl of the community. 

2, Chemistry gives many opportunities to foster the scientific 
method and discipline, since it trains the pupil to observe and think 
clearly and carefully. This training should whenever possible be 
applied to real and worthwhile probl«n$ affecting the personal life 
and thought of the pupil, so that such benefits may be transrerted to 
his other activities. 

J. Chemistry stresses the ne«f to appreciate the meaning of scienti- 
fic life, spirit and endeavour— «pen*mindedncss, intcHectual honesty, 
sclf-sacrificc and devotion — which ought to serve as ideals to the 
future citiren. Contributions made to the cororouniiy through the 
efforts and achievements of chemists should be known to all 
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cUizens, sta toy are a dislincm-e taalure of modarn civ,l,«d 

'TS.UH, acaaiau PupU »-,.h a — g 

facu acadad aot oaly for a.aay aad arcful 

all cttkens, to enable them to . „ossiblc influence of 

lives. Future citizeas ought also to know of the p ^ 

new chemical discoveries and should rate the need 

trol. It is therefore necessary to understand, as . .. 

simpler words and definiUons in Chemistry, the ^ P f^cu 

Chemistry and other fields of knowledge, and the elemenu^ 
and principles of this subject, so that in later life the pupil m y P 

himself informed of important developments. .„„.r„ttine 

S. R. Powers has devised the following alternative f 
out these aims to satisfy the major needs of the pupfl. 
the needs of a scientific education from three 
/. As a citizen, with certain civic and social duties an P® 

' 2 . As a worker, in duty bound to bear his share of the cconom* 


° 3. As an individual, who must have varied non-vocational mter«ls 
and pursuiU if he wishes to lead a normal and well-balanced lu • 

The reader might consider rc-allocaiing the preceding 
under Powers's three headings, bearing in mind that the eh 
teaching of Chemistry ought to improve the student’s health, his 
use of leisure, his ethical standards, his manipulatiw skill an 
knowledge and fulfilment of duties as parent and citizen. 

A chemist obtains fint-hand information, to a great f 

direct contact with materiab, and is able to build up the J 
matter from facts which he obtains personally and can ven y ° 
himself. He repeats an experiment — a test carried out under cc 
known conditions — time after time in his search for a satisfacto^ 
explanadon and he varies the experimental conditions to find ® 
underlying relationship. He pays especial attention to the degrt* o 
accuracy and the methods of obtaining results. Indeed, many of * 
discoveries arc due to long and patient measurement with accura e 
instruments. He discovers and formulates laws, and verifies hi 
assumptions by studying a small number of isolated substances 
under precise conditions in his laboratory. In doing this he must 
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devise experiments to test his hypotheses and to deduce general 
principles.- 

The first steps in the scientific method of approaching a problem 
are inductive, since the pupil (o) perceives the problem, (ft) collects 
and organj2es relevant information and (e) forms a tentative hypo- 
thesis which he tests. He then makes, and in turn tests, other 
hypotheses using additional information, and he then selects the 
hypothesis ''f/hich best fits the evidence available. Finally, and deduct- 
ively, he applies the generalizations obtained from the hypothesis to 
specific cases. A hypothesis is thus a reasoned guess or deduction 
and is used to predict further results. If it correctly forecasts results 
which may be confirmed experimentally it is called a theory. A theory, 
however, still contains an element of doubt, but with modifications 
it may be the means of formulating a new law. A law is a well-con- 
firmed statement of relationships based on experimental proof. 

Practical Chemistry develops initiative and steadfast perseverance. 
Imagination is developed also as the chemist frames hypotheses and 
verifies them by experiment. TJie chemist learns to be cautious, to 
be impartial, to practise mental rectitude and to eliminate the 
personal element. 

The knowledge which Chemistry ultimately adds to the world’s 
store, unlike that afforded by many other subjects, is not built upon 
uncertain human opinions and generalizations influenced by chang- 
ing fashions or by traditional taboos. Indeed the teacher should 
always bear in mind the paramount need to encourage the student to 
think critically, to make unbiased conclusions as a result of logical 
thinking, and to be precise and honest in his observations and re- 
cordings. As J. B. S. Haldane states, a major benefit of the study of 
Chemistry is the gradual spreading, among humanity as a whole, of 
the point of view that prevails among research workers. The scien- 
tific outlook of impartiality, the criUcal assessment of accepted 
opinions and the classification of all occurrences on the same 
emotional level, should influence conduct in our homes, and our 
attitude to the govermncnl of our own country, in the same way 
that it has affected our work, wars and hygienic conditions. 

Tromfer The relationship between scientific method 

and mental discipline introduces ideas on formal training. Mental 
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processes w=re once thonsht 1^0 

!^rncuUiesLn«sar6uedthauhc.«ch.n^^^^^^^^ 

because the same legarii for '“£1“' * . ® j o,bcr subjects such 
inculcated as a mental dlsdplme by if precise 

as classics and mathemaUM. It was ^ such study, 

thinking and working, which could habits in 

would 'permeate the pupifs 

every Other sphere of Study or action. Th«e Views arc ^ 

by psychologists to be iuaccutate. Habits of „f 

mdhid ate much better acquired by the “ nn 

Science itself. There is no automatic ttansfet to “"J ,jnhiiques 
sphere of life (althou^ Biology and Physics sp^fic 

and snbject-mattet to Chemistry). It Jf '‘'‘''y-.'’'’ 1 .„ 5 ,j^nd 
abilities and character Uaits (notably petsistence, ^ 

honesty) may be transferred. It should be ‘'“'ly ^ y, of 

Chemiitry, a, a branch of Science, is a ^ = Si„g 

thought: and that subjeet-matter. training in ^ 

techSque should be selected accordingly, and should be 
closely linked with the pupil's emotions and common ml • 
Further, the pupil must deliberately be encouraged to uw ^ . 

tific approach iu solving everyday problems. Transfer of trai i 5 
most likely to toke place if this is consciously done and if sim 

farts, principles and ideals are considered together. The proo 

‘modified heuristic’ approach appears to be particularly va 
when used together with realistic problems of everyday me. 

The special application to leaching in schools 

The above summary states the essential aims and ideals of Chemistry 
teaching. . .u. 

It should be realized, however, that very few persons arc in 
fortunate position of the research worker, who is able to enjoy 
the privileges of the man of Science. Advanced students may, on 
should be, in a favourable position’to begin acquiring the attitu 
and tendencies of the trained chemist. Junior pupils, however, 
not be expected to appreraate the more mature principles of t ^ 
science, though a well-designed course requiring the solution 
simple problems may call forth, even at this early stage, the qualities 
of accuracy, caution and suspenrion of judgement. 
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Moreover, the teacher of Chemistry should have undergone a 
systematic training in Science and should have had some experience 
of research, being enabled (hereby to inspire his pupils with the ideals’ 
of the research worker. The teacher’s enthusiasm, his attitude to the 
subject, his effective demonstration methods and his learning should 
inspire the pupils with a thirst for chemical knowledge. And the 
greatest asset that the teacher can possess is enthusiasm. 

The boy who takes with him from school an ideal of truth and of 
knowledge for its own sake and of the discipline which Science exacts, 
can play an important part in the world of the future. In addition, 
he has been given encouragement to advance further along the path 
upon which his feet have been set, astimulus independent of the 
reward of fame or wealth. 

By occasionally developing a topic historically, the teacher can 
give his pupils coat&ct with the stream of thought which flows from 
the craft of the ori^nators of the science tc> the well-organized 
sdentific movement of today. 

During the early stages of teaching. Chemistry pupils are infiueoced 
by the instincts of curiosity, collecting and constructiveness. These 
Instincts can often be satisfied by the opportunities provided by the 
study of Chemistry. The spirit of Inquiring into changes in the en- 
vironment is developed. The desire to do things in order that some- 
thing may happen appeals to the pupil and forms an excellent 
starting-point for sound experimental work. Opportunities are pven 
to deal with realities which are not influenced by human beliefs 
and arguments. More obvious benefits obtained by the pupils from 
effective Chemistry teaching are care and skill in handling apparatus 
and materials, and the use of correct methods in obtaining accurate 
experimental results. Most boys and many girls are eager to begin 
the study of Chemistry, probably because of some of the reasons 
stated above. They look forward espectally to the joj^ of u’orking in 
a laboratory. Such a positive and definite initial enthusiasm for a 
subject is a decided asset, which must be fostered and developed. 
Although pupils are unable, at first, to appreciate the more subtle 
advantages of the subject, Iht^r soon realize its wealth of romance 
and its many applications in the ordinary affairs of life. 

Teachers in North America and North Eurofw know of the 
pleasure obtained from the simple Chemistty cabinet and of the 
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many hours given ™*;^X"unfavrrlHc 

paratm. As pupils often work “<• *'““' i-horatorv should mean 
to, Ihc facilities provided by Xitional IKtimony to the 

that outsunding results are sehLl and 

natural attractiveness of the subject a *■'' P P ^ well-prepared 
class chemical societies. No one. XhXat the sSeJ? hL an 
lectures given by some pupils, can doubt that the J 

“^^“XtnorChemistry.-witbitsmanybranch«in^d.^ 

and admlnistration-airords excellent prospecU to 'he ho? 
brainsand slender means. A grounding in this saenre ‘'lalists 

in the training of doctors and nurses, pharmacists, agneu 
and engineen. 

CrilxUm of ChmUtry leaching. AmY.m 10 Ih! criticism 

It Is unnecessary to discuss here the general *’’'r“’'ies to ^ 
subject in the curriculum presents to individuals or 8'°“^ ^ ^ 
who fall to grasp their meaning and roam outliilM. No 
be made of adverse home conditions, ill health, ph^ica / 
irregular attendance at school, incorrect classification m tw 
disUke of a teacher’s methods, and weakness in one subject ha^ B 
an adverse effect on another. Reference will be made .J 

special difficulties which pupils appear to meet instudyingCbcnu ry, 
and to criticisms made by educationalists and others. 

The subject-matter and the technique of teaching Chemistry 
criticized as outlined below. Whilst some of these criticisms are rw 
without full knowledge of the facts, others must be constantly Mp 

in mind by the teacher if Chemistry is to be well uught. 

;. It is urged by some critics that the majority of school Science 
syllabuses are designed for the comparatively small numter o 
brighter pupils who pass from school to universities, techni 
colleges and other institutions for higher education, and that the 
majority of pupils get little benefit, because Ihecourses are incomplete 
or unsuitable. This criticism is often true. Many pupils suffer from 
the narrow and academic nature of their school Chemistry course, 
but the substitution of General Sdence for the individual subje<^. 
Chemistry and Physics, wth an appropriate change in teaching 
methods, may cs'entually proride a satisfactory remedy. 
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Z Examinations are justly blamed, sinw they certainly narrow the 
scope of school courses. It must not be forgotten, however, that 
examinations have their uses, and in many cases it is possible for a 
teacher to evolve suitable methods, or a variation in factual material, 
to suit the particular class under his charge. This influence can be 
seen in several text-books which have been specially written for boys 
and girls. The simplicity of the language, the interest of the constant 
reference to the pupil’s environment, the ease and convenience of 
carrying out the laboratory instructions, and the inspiration of the 
writing, combine to form most helpful and stimulating books. On the 
other hand, other so-called popular books fail to benefit pupils who 
are just beginning Chemistry or General Science, because their 
authors are not acquainted with the best approach to the child’s 
interests. The vicious circle of basing a new book on the contents of 
an old one still goes on: material which is suitable for a mature 
student is slightly modified and rearranged for the ‘average’ pupil in 
the ‘average’ school, 

3. Tlie methods of introducing Chemistry are also criticized. It 
has been urged that too much time is given to laboratory work and 
that the teaching of general principles has been neglected, and that, 
whereas Chemistry-teaching formerly neglected individual work, the 
present methods over-emphasize it. This may be true of a few schools, 
particularly those which use mechanical and unimaginative instruc- 
tion cards or assignments. In such cases, a series of disjointed experi- 
ments may have little in common with the dcscriptiw classworfc. In 
the majority of schools, however, the practical work is carefully 
planned and rather more time is given to tlieorctical than practical 
tvork. The criticism that certain mechanical experimenU are carried 
out by pupils to keep them busy is rarely true. 

Teachers must, however, carefully consider the aims of practical 
work and the reasons for including particular experiments in the 
course. Such experiments should be omitted if they do not help (a) 
to develop the manipulative skill of the pupil, (i) to discover or 
rediscover new facts or principles; if (c) they cannot be completed in 
time or (rf) do not give a clear cooclosion or definite Teachers 
must also decide if an experiment should be done individually by 
groups of pupils or by teacher-demonstration (see Chapter VI). ^ 

4. Few teachers would agree with one writer who states that This 
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so-called Science which is placed upon the 


time-table is generally 


looked upon by the pupils os a series of trick 
plays a great part, spectacular phenomena ^ is 

fove of discovery is chilled by research ^ uS^always a 

never made manifest. Science is never made a ^obby. It is ) ^ 
test Numberless observations arc insisted upon so th^ y 
discovered who may be fortunate enough to sec the ^ 

and get the nearest average.’ While Art, Music and C 
maintains, arc taught by esperU who emphasize their PJJ? ’ 

many Science teachers do not train their pupils jn such d • 
•Yet Science, that seeks to unfold the mysteries of ” 

and within us, that seasons the desire to know the why and w ere 
of all that we touch, see, feel or imapne, is left in the hands o 
who never seek any new way to make discovery a delight, or 
ordinary reactions in everyday life with the charm of ^ 

deduction and fostering a hunger for further research.’ If a X 
necessary to these sweeping criticisms, it is hoped that sections c 
book will supply it ^ . 

5. The lack of correlation with the -kindred subjects "J'** ! 
Biology and Mathematics, as well as with Geography, History a 
English, forms the basis of another criticism- Chernistry ceru y 
loses some of its effectiveness if there is no correlation with o 
subjects. Many of the pupils* difficulties would be removed 
syllabuses were designed to avoid unnecessary repetition, to dc\e op 
kindred topics from different angles at the same time, and to provi e 
the necessary foundation and background. Specialization in one or 
two subjects is often less purposeful and effective than the less 
ambitious programme attempt^ in schools where Science is no 
broken up into its separate branches. 

It should be noted that there has been a considerable extension w 
the teaching of General Science rather than of the separate subjects 
Physics, Chemistry and Biology, both in Great Britain and the UjS-A- 
Tt is not intended here to discuss the relative merits and demerits ol 
General Science.* 

* Readers will find such infennation m (a) VoL Vn of the prcsenl series, (W ^ 

Teaeki/^ of General Seienee (1947) (Mnxiay}. <c) National Society for the St^ 
of Edueauon, Thirty-first Year-bMk, Part I, *A Programme for Tea®"® 
Sctecce’, and other tmks. 
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6 . Another criticism will be mentioned here and dealt with in more 
detail in Chapter X, namely that Chemistry is difficult to learn 
because of its extensive new vocabulary and its highly specialized 
language. Teachers must realize this difficulty and be careful to grade 
their own language so that chemical terms are introduced only when 
they fulfil an indispensable function. Further, teachers should be 
sympathetic to young pupils who have special difficulties in spelling 
and pronunciation. In some schools there is too much emphasis on 
learning Chemistry by memory, with little attempt to leach the 
appreciation of Chemistry as a method. 

7 . Other critics assert that the maximum educational benefits are 
not obtained from the teaching of Chemistry, and that little transfer 
occurs in the application of chemical knowledge to solving prob- 
lems met in the kitchen, garden and home, by men and women 
who learnt Chemistry at school; that especially noticeable is the 
lack of clear logical thinking applied to communal and world 
problems. 

3 . The basis of another criticism Is that Chemistry appeals to the 
pupil’s brain and not to his heart, since it has no basis in the emotions 
nor in human experience. Such alleged disadvantages, for most 
pupils, may be obviated to some extent by treating the matter 
historically. In junior work, accounts of the Jives and work of well- 
known investigators— Priesllqr, Lavoisier, Faraday and Dalton— 
and the development of knowledge about air and water provide a 
sound historical background. 

The tendency to overburden the leaching material with an excess 
of facts is avoided by referring to the human side of Chemistry. A 
course which is continually alluding to the local industries, the 
geology of the pupils’ own neighbourhood, and the occupations of 
the pupils’ parents, must become tin^d with human experience. In 
more advanced work it is possible to deal with the spirit and method 
of Science and to illustrate by definite historical examples, and by 
suitable experiments, the relative functions of hypotheses, theories 
and Jaws. Class discussion and detailed preparation for long essays 
—especially valuable at the end of a term— are a useful method of 
approach. Suitable subjects arc:— the competition between synthetic 
and natural products, the influence of Chemistry on the community, 
atomic energy, benefits derived from chemical discoveries, the 
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control of chemical knowledge, radioactivity, recent advances in 
medicine and biochemistry. 

9. Finally, a reference to the literature of General Science will 
bring the pupil into contact with the historical accounts of the dis- 
coveries and views of such men as those mentioned above- Accounts 
of the research work and personalities of such as the Curies, Pasteur, 
Davy, Priestley and Lister are an inspiration to ^rls as well as boys. 
Older pupils will, depending on their own interests and opportunities 
and the guidance given, read biographies and autobiographies. The 
emotional life at the adolescent period is particularly strong, and 
contact with fine and noble lives is especially valuable. Further, the 
historical works of writers such as Singer, Sherwood Taylor, Holm- 
yard, and the original writings of the early chemists (available in 
the Alembic Qub Reprints), help pupils to discover that Chemistry, 
as a branch of Science, has its own limitations and that its methods 
can only be applied to certain fields in which experiments and 
measurements are practicable. Aspects of knowledge and life con- 
cerned with art, beauty and opinion are beyond its scope. 

Among later authors, the pupil may gain inspiration from the 
works of Charles Darwin, Thomas Henry Huxley (whose essays are 
models of clarity and sound logic), J. Clerk Maxwell, John Tyndall, 
Frederick Soddy and J. J. Thomson.^ 

‘The popular Christmas Lectures of the Royal Institution of Great Britain are 
very suitable for adolescents. They are printed and published. 
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Syllabuses in Chemistry 

(A) For Junior Students 

The framing of an elementary Chemistry syllabus 
Difficulties encountered hy young teachers. — Most young teachers are 
at a distinct disadvantage when they have to draw up a syllabus. They 
spend insufficient time in the school or college where ih^ carry out 
their teaching practice to appreciate the arrangement of its syllabus, 
and model syllabuses are rarely drawn up for students and discussed 
by practical teachers while they are in training colleges or depart- 
ments of education. Young teachers are seldom familiar with the 
best type of text-book. They may also Jack familiarity with the 
external examination which influences the syllabus of the institution 
to which they have been appointed, and they may not realize the 
limitations of the average school laboratory. 

The main aims in building up a syllabus. — The chief aims in building 
up a syllabus are to: 

(o) Include a maximum amount of subject-matter selected on 
educational grounds to develop the scientific altitude towards solving 
problems and to satisfy the real needs of the pupil. Examination 
syllabuses still retain material which must be included in every 
Chemistry course, although it is not always suited to individual 
requirements. 

(6) Realize the limitations of the average pupil in assimilating 
facts, and yet appreciate the outstanding ability of clever pupils. 

(c) Note the necessity for constant recapitulation. 

(d) Guard against excessive influence by university text-books, 
except for a few very advanced students. 

(e) Explore the possibilities of using local material. 

(/) Relate the teaching to everyday Chemistry and stress economic 
and social implications. 

(g) Grade the material for parallel classes of different ability. 

(/<) Avoid discussing theoretical principles in the early lessons. 
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giving instead definite lessons on single subjects or a connected series 
of subjects. (Teach method rather than subject-matter.) 

(/)Take into account the age at which the pupil starts learning 
Chemistry, and ensure that he can assimilate the ideas presented. 

ij) Appreciate the outlook of the pupil so that his interests, 
limitations, difficulties and hopes are understood. 

(i) Grade the material so that it is introduced at the exact time it 
is required. (Make sure that classes of difTering ability are provided 
with material of suitable difficulty and that the methods used are 
appropriate.) 

Other contiderations . — It is important to ensure that the Chemistry 
syllabus for ads'anced students and the Chemistry section of the 
General Science course are dravvn up for: 

J. The majority of pupils who need a self-contained course in 
general Chemistry. 

2. The specialist who requires a systematic grounding of chemical 
facts and methods in preparation for a university or lecbnical 
college course. 

No syllabus should be too rigid, as references must constantly be 
made to national, local and topical events or phenomena. Allowance 
should also be made for loss of time for any school function which 
may interfere repeatedly svith the classwork or homework, and for 
illness. 

It is doubtful if an excessively logical approach is advisable in 
designing a syllabus in elementary Chemistiy. Rather ought the 
teacher to base much of the syllabus on suitable live problems which 
the pupil can solve. In the first and second years the problems should 
be straightforward, so that a clear conclusion is reached: — air is 
necessary for burtung; burning and breathing are examples of com- 
bustion; air is made up of four-fifths nitrogen and one-fifth oxygen; 
oxygen is the active gas in air. Later the pupil will obtain clear experi- 
mental evidence to verify the chemical laws. Applications of the 
chemical principle in the actmties of the local community may then 
be considered. The last step can be a discussion of the effects of the 
principle in human society, and of the scientific attitude and spfriL 
In the fjnl year of the foor years’ course (pages 2S-6) the pupils 
build up a knowledge of Chemistry from laboratory experiments. 
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This is supplemented by class discussion and to some extent by 
reference to a text-book. 

The necessary theoretical ivork in each year runs parallel with the 
practical lessons. 

It should be understood that occasionally more than one experi- 
menl is performed to stress a particular principle. It must also be 
possible to spend a relatively longer period on one exercise if an 
experiment is carried out badly and poor results are obtained. Again, 
It often happens that more time than was anticipated must be devoted 
to emphasizing certain theoretical questions. 

In the final year, a rearrangement of the normal procedure may be 
necessary, and laboratory work may not always coincide with the 
theoretical and descriptive parts of the syllabus. This change of 
routine is caused cither by the use of more complicated apparatus 
(the supply of which is limited and which can therefore only be used 
by a few pupils at a lime), or by the need for revision of certain parts 
of the theoretical work. An attempt should also be made to develop 
the pupils’ initiative by setting miscellaneous practical problems 
which are not connected with the theoretical lessons. The syllabus for 
the final year might be arranged so that the pupils write the notes on 
their practical and theoretical work directly into their exercise books. 
Then the homework could be devoted to answering test questions 
and to revising from text-books and notes. In practical lessons the 
teacher should have more opportunity of discussing individual diffi- 
culties than he had in the earlier years. During the course of the 
e.xperiments, and while the notes are being ^vritten, he should point 
out errors to individual pupils, commend outstanding work, and 
make himself more familiar with the opinions of each member of 
the class. 

Enthusiastic teachers of Chemistry always introduce their own 
ideas and stress the pardculat schemes of work which they consider 
important. Teachers interested in industry, biology or geology should 
certainly direct the attention of their pupils to the chemical aspects 
of these subjects. Their knowledge and enthusiasm will make the 
lessons both instructive and insj^ing. Finally, the teacher must 
always keep in mind the external examinations, as these influence to 
a large extent the whole of the ^llabus. 
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jYorej on the Chemistry section of a General Science course (see p. 25) 

It is suggested that the foUoviiag topics should be included in the 
syllabus for a four years' course m General Sdence for boys and 
eiris, ased appro.xiniateJy 13-16 years. It should be clearly under- 
stood. hov.e\-er, that General Science must be taught as a s^ hole and 
not as the sqjarate subjects PhyTics, Biology', Chemistry, etc. The 
subject should appear in the time-table as General Science and 
oughL preferably, to be taught by one teacher rather than by a 
physicisL biologist and chen^t in turn. 

Teachers unfamiliar » iih General Science syllabuses and « ho have 
prtNiously prepared pupils for Chemistry ctaminations might note 
essential differences. Tt is expected that the sdentific principles men- 
tioned in the syllabus be studied in relation to their practical 
applications in esety'day life*; ‘emphasis should be placed on the 
foundation of seieniihc fcnoy. ledge on obsers-ation and experiment*; 
‘the infiuence of scienU6c thought and achlcsement on human ex- 
perience should be illustrated by example*. All three principles are 
accepted by all Sdence teachers. 

Much of the approach Is qualitative, but quantitative methods are 
essential to illustnie a number of sdesiibc principles. Demonstra- 
tions often replace indMdua! and group experiments, and the general 
irtatmeat is less detailed and indodes less chemical theory than 
Chemistry taught as a separate subject. 

Usually the General Sdence syBabus excludes the foUossing topes, 
but, if tuo examination papers arc taken* they may be included: 
commercial preparations of hydrogen, oxygen, water-gas and pro- 
ducer gas; the contact and lad-diaiaber processes for sulphuric 
add and the Haber process for ammonia; outline treatment of 
phosphorus and siDcon and their compounds; ozone and hydrogen 
peroxide; the halogens other than chlorine; nitrous oxide; the elec- 
trolytic preparations of zinc and alumiruum; hydrogen sulphide 
its salts; solubility curves; a little theory connected with the laws of 
Gay Lussac and Avogadro; atomic wei^ts, valency, molecular 
weights. Thermal and ionic dusociation,and normal solutions arc also 
includedjandcqaisalenisarebnulsd to the di^Iacement of hydrogen 
and combination with oxygen. Mathematical problems and equa- 
tions are confined to simple leacrions. 

On the other hand, the ^Babas is often enlarged ty the inclusion 
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of Chemistry connected with other branches of Science: for example, 
osmosis, diffusion; nature of soils, culture experiments and fer- 
tilizers; biochemistry and the science of health, including vitamins, 
nutrition and preservation of food; carbohydrates, fats and ethyl 
alcohol. Reference must, however, be made to the particular syllabus 
used by the pupils and to volume VII of this series. 

Such factors as size of class determine the time to be given to each 
section of the syllabus. For example, in the section on water of 
crystallization the suggested material is covered in one week if no 
quantitative analysis is attempted. It may be impossible to include 
such an experiment if thirty-five pupils are to be taught in a small 
laboratory with a limited number of balances. Under more favour- 
able circumstances the pupils should certainly cariy out such work 
and spend an extra lesson on this branch of Chemistry. 

In the following course, (D) before a heading, or sub-hcadmg, 
indicates that the experiment is best demonstrated by the teacher. 

Again.Iaboratory conditions should be considered, liis.for example. 

dangerous to allow pupils to bum hydrogen at a jet to synthesize 
water, unless they are carefully supervised; hydrogen sulphide can- 
not be prepared by all the pupils in a large class unless a large 
number of fume-cupboards are provided or small-scale apparatus is 
used and special precautions are taken; and water cannot be electro- 
lysed by all the pupils unless there is an abnormally large stock of 
suitable apparatus. . . 

It should be realized that a practical lesson may ^casionally ^ 
arranged so that Ihc pupils prepare a gas, such 
or chlorine, in n test-tnbe filled with a delivery lube. TTi". 
out most of the tests on a small scale in the first part 
Later, the teacher demonstrates the large-sKle preparahon and ^ 
means of mote complicated apparatus and his supenor ^IHs ab e 
to show the mote unusual properties of the gas or to repeat any 
unsatisfactory individual experiment. 

Surfs of the Chemistry section of a General Science coarse 
first and Second Years 

1. Inirodacllon to methods of laboratory 
notation-chemistry as a hobby-summary of history of Chemistry. 
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2. 77ic Buiaen 6ur/7(rr— diffcrenl flames, cones and structure. 

3. So/ufjon— dsfinilions— testing solubilities of common sub- 
suni»s— solsents other than uater. 

Tht separation of a soluble and an insoluble substance — the handling 
of apparatus — quantitative aspects— purification of rock-salt or «a- 
sale 

So/uf>(7ii/— potassium nitrate in water— conditions for obtaining 
good crystals. 

4. Burning and the study of air — heating substances 1ft the presence 
and absence of air — to find if macnerium changes in weight on 
burning— heating in a crucible — introduction to the law of con- 
stant composition. 

Burning substances in a limited amount of air — burning tapers, 
candle, (D) sulphur and (D) phosphorus under various sized jars 
standing on ground glass and in water— the composition of air— 
the rusting of iron— oxygen and nitrogen. 

5. To try to obtain oxygen from oxides of metals and other sid> 
stances by healing— testing for oxygen— Lavoisier’s and Priestley** 
work.— The preparation of oxjge/i— burning substances in it— the 
types of oxide formed. 

6. experiments with wood ashes, soap powders, 
basic oxides and hydroxides made the previous week— the prepara- 
tion of a chart contrasting and comparing commoner metallic oxides 
and hydroxides— experiments with indicators. 

7. — organic and Inorganic — arailarities and differences of 
the concentrated and dilute acids. 

8. Salts — neutralization — use of pipette and burette — preparation 
of a salt from a hydroxide — sodium chloride, ammonium chloride, 
potassium sulphate, etc., made by various members of the dass- 
The preparation of a salt from aa oxide— copper sulphate, lead 
chloride, magnetium sulphate, anc sulphate— conditions necessary 
to obtain good crystals. 

The preparation of a salt from a carbonate — potassium nitrate. 
Reference to other methods, such as the pse of a metal— summary 
of all preparations in a charL 

The action of hot and cold dDote adds on metals — the identification 
of hydrogen. 

Practical tets to identify unknowm metals— the introduction of 
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acetic acid and other organic acids, and the application of previous 
knotvledge. 

9. The pre/iaration and properties of hydrogen— (D) tlie burning of 
hydrogen— (D) the electrolysis of water— (D) the action of metals on 
water— decomposition with cold water; with steam — metals with no 
action — water is a compound. 

Third and Fourth Years 

1. Invesiigaiion of the different forms of calcium carbonate — snail- 
shells, sca-sheiis and egg-shells; chalk, limestone, marble, caicite and 
pearls — contrast and comparison — carbon dioxide. 

The preparation and properties of carbon dioxide — its occurrence 
in Nature. The effect of heat on calcium carbonate— lime, slaked 
lime, lime-water— limc'kilns — the carbon cycle in Nature — mortar, 
cement, the weathering of rocks, soil. 

2. 77ic natural H'a/erj— distillation— town water supply. 

Further consideration of the composition of air— (D) preparation 
of nitrogen— presence of carbon dioxide and water vapour in air- 
air Is a mixture. 

The solubility of air in water — analysis and comparison with 
atmospheric air. 

The amount of dissolved solids in river- or sea-water— the solu- 
bility of potassium nitrate In water— solubility curve. 

To find which of the following crystallized substances have water 
combined with them: sodium chloride, copper sulphate, sodium 
carbonate, etc. — water of crystallization— deliquescence and efflores- 
cence — applications, quantitative aspect. 

The hardness of water — soap solutions with distilled-, rain-, sea-, 
tap- and river-waters — reasons for temporary and permanent hard- 
ness— the connexion with carbon dioxide — softening. 

3. The stud}' of sulphur, its uses— (O) the synthesis of sulphur di- 
oxide, (D) its preparation and conversion to sulphur trioxide — sul- 
phuric acid, (D) its preparation by the contact process — properties. 

•f. Sodium chloride, sea-water— hydrogen chloride and its action 
on different types of o:ddes — the preparation of chlorine, its proper- 
ties and uses— <D) the electrol^is of hydrochloric add. 

2. The study o/ carbon— allotropes, chart of comparison, tests for 
allotropy — the preparation of metals from their ores, reduction 
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(iniroduced simply), expcrimenis wiih compounds of lead, iron and 
copper — carbon monoxide, the chemistry of a red-hot charcoal fire, 
the manufacture of coal-gas, combustion-comparison of carbon 
monoxide, carbon dioxide and hydrogen. 

d. Reduedon and oxidation', examples and tests — dlfTcrent types of 
oxides. 

7. Potassium nitrate, its occurrence— nitric acid, its preparation 
and properties— decomposition. 

S. Ammonium chloride, o/nmonid— fertilizers, the fixation of nitro- 
gen, the nitrogen cycle in nature, connexion with plant life. 

9. The measurement of the %-olume of gas liberated in a chemical 
action — equivalent, measurement by displacement of hydrogen — 
synthesis and reduction of oxides. 

IQ. The electrolysis of solutions of salts and acids — links with 
electricity. 

11. A/e/e/s— the extraction of Iron, the manufacture of steel- 
important metals and their more Important compounds; lead, copper 
and calcium— important sodium compounds: sodium hydroxide, 
sodium carbonate, sodium bicarbonate— differences between metals 
and non-metals. 

Links with the teaching of geology and geography. 

12. (D) Physical and chemical efionges— many experiments and 
references to previous experiments— definitions and summaries. 
Experiments illustrating the difTcrences between a compound and a 
mixture — examination in turn of properties ofsulphur, iron and their 
mixture— heating the mixture — the compound, its properties — 
definitions and other examples of each class. 

The law of consenation of mass-spectacular precipitation ex- 
periment— (D) phosphorus and match in flask— burning candle — 
historical references — enunciation of the law. 

The atomic theory— history— atom— molecule — illustration by 
models — symbols, formulae, valency, equations and a summary of 
past work by means of equations— links with diet and calories. 

15. Organic Chemistry—^ simple treatment of starch, sugars, pro- 
teins, fats, vitatmns, as required for a background knowledge in 
health education and biology. 

Features of the syllabus,^ J. In the first lesson, a summary of the 
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and treated systematically when the experimental work is discussed, 
and a solubility curve is plotted from class results. 

9. Most of the mathematical parts of the ^llabus are treated in 
the final year. Pupils then have less difficulty with Mathematics and 
equations. If pupils are profident in Mathematics this numerical 
work can be included earlier. 

10. The syllabus is framed to suit the average school. Few of the 
experiments suggested require expensive apparatus. The scope of the 
sub«divisions permits a careful balance of individual work and 
demonstrations. 

11. The subjects allow full advantage to be taken of the heuristic, 
Dalton and problem methods of teaching Science (see pages 58, 63, 
122, 239). Several experiments require group work, while others 
require reference to, and repetition of, historical experiments. 

12. Several of the experiments in eat^ year’s course may be quan- 
titative, but too much tedious weighing should be avoided. 

13. 'hte study of the elements and their compounds, treated either 
in the order of the periodic table or in groups of oxides, chlorides 
and sulphates, is considered too advanced for juniors. 

Other basic principles 

The basis of the method of selecting material is dealt writh above, but 
it is advisable to consider other criteria. The scope of Chemistry, 
even at the junior stage, is limitless, and the number and type of 
experiments which might be carried out are so great that it is easy to 
overlook the basic syllabus. The enthusiastic teacher using his own 
special abilities and knowledge ought to simplify the syllabus when' 
ever possible and to omit whole sections which do not appear to 
serve specific educational purposes. In other words it must be 
stressed that the technique and material should be p^cholopcally 
and individually sound and essential at the particular stage of the 
pupil 5 career. The laboratory approach must be realisdc and prac- 
tioaWe, and the information obtained directly or indirectly must be 
used for the benefit of the individua] and the community. 

Certain questions must influence the teacher in deciding on the 

facts and principles to be included: 

1. Is out-oMate information being used*? The teacher should keep 
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The pupils should from time to time be told that the usual appar- 
atus in the laboratory is specially designed for teaching purposes. In 
general, more advanced students and research workers use the same 
type of apparatus. Glass vessds can easily be cleaned, can be heated, 
arc little affected by most chemicals and arc transparent. Glass can 
be fashioned into many convenient shapes suitable for experiments; 
it is cheaper than, and Its physical properties are preferable to those 
of, other materials. Industrial chemical plants, however, arc made of 
different materials, including metals, and these are sometimes lined, 
for example, with silica. There arc many reasons, including cost, 
strength and the different chemical and physical properties required, 
for not using glass in manufacturing processes. 


(B) For Advanced Students 

Teac/ilng CAemisfry to more advanced students 
The preparation of lessons , — The young teacher should experience 
much less difficulty in recalling the facts, principles and standards of 
more advanced Chemistry. By the time the students reach this stage, 
they should have passed through a well-organized course in the 
laboratory, have developed sound habits of reading and be used to 
questioning unsupported statements rather than accepting them. In 
the advanced course, students continue this training, and should 
gradually acquire a more mature point of view. As the student is 
specializing in Chemistry, he will be expected to give much more 
time to his preparation and home studies, thereby amplifying the 
basic principles learnt in the laboratory. Several written exercises 
should be done each week, and wide reading should provide him 
with different aspects of the subjects under discussion. He should 
make many more summaries than in the earlier years. An increasing 
amount of time and a smaller size of class enable students to coow 
into more direct personal contact with the teacher. More attention 
should be given to the rate at which individual students carry out 
experiments. 

It is suggested that each pupl should be supplied at an early stage 
with a copy of the syllabus of the examination for which he is being 
prepared, and also of the order of introduciog each section during the 
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Written and verbal tests, lectures by students, and visits to works 
supply variety of approach. In practice it is difficult to distinguish 
between the methods described, since a combination of all three may 
be used with advantage. 

Lessons or lectures, based on the teacher's old university lecture- 
notes, should not be pven to students. It may be a temptation to 
use these, but it must be remembered that they have often been pre- 
pared by a unh'erslty lecturer who may be out of touch with school 
work, and who, in any case, has not designed his lectures for school 
conditions, ft is better to write one’s own notes, basing them on the 
books of authoritative teachers who write for students aged 16-19. 
The notes should concentrate on general principles, include clear, 
exact definitions, refer to illostratioos and contain many worked 
mathematical problems. Unnecessary detail should be avoided. The 
subject-matter should be in correct perspective with the previous 
years' work, and should be specially arranged to fit in with existing 
conditions. 

From time to time, new text-books and aulhoriiativc works of 
scientific importance should proride the teacher with more up-to- 
date dcuils on manufacturing methods, the preparation of new 
compounds, recent applications of Chemistry and ibc latest ideas in 
theoretical Chemistry. 

It Is a difficult matter to ^ve advice on the organization of the 
subjeci-malter of an advanced course, since it may have to be 
arranged for differing types of pufril. The course may be of normal 
length, in preparation for an examination as a main or a subsidiary 
subject; or it may have to be more general, for the benefit of pupils 
who trill leave school at the end of the first year. The teacher may 
not be able to use the arrangement he prrfers, as the first- and 
second-jrear students have often to be taken together. In this case, 
students can be grouped without much trouble for practical work, 
but it is more difficult to arrange the theoretical work. 

One method frequently used in small schools is to divide a two- 
year course into approximately equal parts, so that first-year and 
second-year students study, for example. Inorganic and General 
Chemistry the first year, and Organic and Physical Chemistry the 
following year. Such a solution is by no means ideal, but wth smaller 
numbers of advanced students there are few alternatives. Occasion- 
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ally, when one group is canyiog out practical work or answering 
written questions, special lessons may be given to the other group, or 
pupils may be given individual attention and help. 

Pupils V/ho spend three or four years on the course provide further 
complications. These pupils, in particular, should supplement their 
text'book knowledge: e.g. by the occasional consultation of original 
* papers, annual reports of chemical societies, monographs, and refer* 
ence books By contact with the Chemistry of the research worker 
the students should be inspired to high ideals, and their own labora* 
tory work should, in consequence, be of the nature of true research. 
It is assumed that the teacher will arrange the teaching periods, 
probably of seven or eight lessons per week, to suit his own special 
conditions, but three periods at least should be spent in the 
laboratory. 

The student beginning the serious study of Chemistry at the age 
of 16-17 will usually have studied the subject for three or four years, 
but will have little or no knowledge of OrganicChemistry, and some- 
times little laboratory experience. The author believes that it is advis- 
able to study the branches of advanced Chemistry in the following 
order, and for the practical work in general to keep pace with the 
theory. ITte headings are amplified later in this chapter. 

/. Methods of studying Chemistry— advice to students on differ- 
ent methods— note-taking— number of hours per week for individual 
study — how to cany out advanced practical work — times when indi- 
vidual practical books and homework will be handed in for marking 
— ^how library books are to be obtaiticd and used, etc. 

2. History of Chemistry — scientific method — revision of laws — 
electromotive force (or electrochemical) series of activity — ^periodic 
classification, groups I and VII. 

5. Qualitative analysis— group tables and principles of Physical 
Chemistry. 

4. Aliphatic Organic Chemistry. 

J. Physical Chemistry. 

6. Volumetric and gravimetric analysis. 

7. Completion of Inorganic Chemistry syllabus. 

8. Completion of Physical Chemistty syllabus. 

9. Aromatic Organic Chemistry, and completion of syllabus. 

/O. Revision. 
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Other teachers prefer a complete change from the methods used 
in the General Science course, and concerrtrate the early work exclu- 
sively either on Organic Chemistry or on qualitative analysis. Some 
teachers divide the time so that sections of Inorganic and Or^nic 
Chemistry are dealt with each week, but the author feels that this 
treatment becomes insufficiently detailed, and that concentration for 
several weeks on one single section yields the best results. 

The basis of courses in horganic, Genera! and Physical Chemistry . — 
At this stage the student is aojuainted with a fairly wide number of 
fads of limited range. This section of Chemistry is best prefaced by 
discussion on the methods of Science and the attitude of the man of 
Science. Examples from earlier knowledge should be amplified to 
illustrate the meatung of hypothesis, theory and law. The student 
should now be receiving direct training in the methods of Science. 
He should be expected to profit from his study of Chemistry by 
developing his critical ability, and by acquiring skills to solve pro1> 
lems both in pure Chemistry and In connexion with life and industry. 

The methods of determining equivalents should be treated in 
detail, the various laws reviewed, and molecular and atomic weight 
determinations discussed. It is worth while treating these topics in as 
broad a way as possible. The examples should include organic sub- 
stances as well as inorganic. In fact, whenever possible the pupil 
should be made to realize that Inorganic, Physical and Organic 
Chemistry have much in common. The divisions are made for con- 
venience, and are therefore artificial. The other topics in Physical 
Chemistry are treated both practically and theoretically. 

The treatment of the elements and their compounds should be 
based on the periodic classification and the electrochemical series. It 
is necessary for the teacher to explain thoroughly the principles of 
the periodic classification. Large charts of Mcndelceff ’s table and of 
the modified Bohr scheme should be on view. The teacher should 
outline the historical development, the main features and uses of the 
classification, the electronic structure of the atom and, depending on 
the ability of his class, radioactrvi^, the discovery of new elements, 
isotopes, heavy water and atomic Riergy. From time to time all 
these sub-headings will be referred to again as different elements arc 
dealt with in more detail. 



SYLLABUSES IN CHEMISTRY 37 

After this general introduction full discussion may centre on each 
clement in group I of the periodic tabic, so that the pupil will clearly 
understand the order of treatment and the relative importance of 
the various compounds of each element. Numerous generalizations 
associated with the table and the gradation of properties in each 
group should be given. 

Thus, acidity or electronegative properties increase in passing 
from the left-hand to the right-hand side of the periodic classification 
and vertically decrease with increasing atomic numbers; lithium has 
certain resemblances to magnesium, beryllium to aluminium, and 
boron to silicon; the valency of an clement bears a definite relation- 
ship to its group number. 

Next, the properties of the members of one homologous series of 
organic compounds should be contrasted and compared with those 
of one group. Much of the information on the preparation and 
properties of the elements and their compounds can then be sum- 
marized from good school te.xt-booJcs by the pupils themselves. 

The order of dealing with the elements h usually lA, IB, IIA, etc., 
in order, but a useful alternative is group lA, then group VIIB, 
because the alkali metals and halogens supply useful material illus- 
trative of typical properties of metals and non-metals; they show 
excellent gradations in properties, nnd illustrate most of the 
chemical principles requir^ at Ibis stage. 

A reasonable amount pf abbreviation should be allowed, and 
training should be given in the planning of notes. Useful generaliza- 
tions, which apply particularly to the elements and compounds 
studied, will occur to the teacher. 

Simple generalizations arc that; — ammonium salts give off am- 
monia with alkalis; carbonates, nilratcs and hydroxides of the heaxy 
metals (c.g. lead, iron, zinc) form oxides on healing; all carbonates 
^ve carbon dioxide with acids; insoluble chlorides are silver, mer- 
curous mercury, and lead; insoluble sulphates arc barium and lead; 
sodium and potassium bicarbonates are the only stable bicatbonates; 
calcium hydroxide and hydrated sodium sulphate and most gases arc 
less soluble in hot than cold water. Unusual facts are that hydro- 
fluoric acid is a solvent for glass, and ammonia is the only alkaline 
inorganic gas. Some of these generalizations may be modified later 
as the students’ knowledge increases. 
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Another example is the economic need for chemicals to be manu- 
factured from comparatively common materials by simple methods. 
This is instanced in the Haber, contact and lead-chamber pro- 
cesses, clectrolj'sis of salts, syntheses of organic compounds from 
substances su^ as carbon dioxide, hydrogen, coal and coal-tar. 
Further, students might note gcncralizalions such as: the rule that 
non-metals usually do not form basic oxides, while metals do; a 
metal is least basic, or most acidic, in its highest valency state (non- 
metailic oxides arc usua!!yacidic,i.e.acid anhydrides); only transition 
elements have coloured salts and have a valency variable by single 
units (except indium and gallium), while other metals have valencies 
which do not vary or which differ by two units; among the metals, 
only the alkali metals, alkaline-earth metals, zinc, cadmium and 
aluminium have a fixed valency; the higher the valency state of a 
metal the more readily arc its salts hydrolysed; all deliquescent salts 
are soluble in alcohol (except potassium rarbonatc), all others (except 
mercuric chloride) are insoluble in alcohol; halides of the mono- 
valent metals (except the alkali metals) are sparingly soluble in water. 
Students must be trained to avoid making indefinite and incomplete 
statements In their answers. For example, when writing ‘sulphur is 
jnsoluble’-~tbe solvent must be staled; ‘the solubility of sodium 
chloride is 35- S’ — the temperature and the units must be given; ‘zinc 
and concentrated nitric acid give nitrogen peroxide’ — more details 
are required on the probable formation of other oxides of nitrogen, 
ammonia, zinc nitrate, etc. Many other reactions proceed under cer- 
tain conditions only, and unless they arc specified, the statement is 
incorrect. Therefore, an advanced pupil should look for details of the 
physical state of the reactants, acidity, amounts, temperature, pres- 
sure, presence of air, catalyst, sunlight, the nature of main or side 
reactions, etc. 

If a student has a flair for a certain branch of Science, or is defin- 
itely preparing for a particular career, it may be advisable to allow 
him to spend extra time in these directions. A pupil may wish to use 
the microscope for certain tests, or may be interested in Biology or in 
special branches of analytical Chenustcy. He or she may wish, having 
been promised a post as a pharmaceutical chemist, to do work on 
the Chemistry of medicinal materials. Little, if any, educational value 
is lost by a slight bias towards this kind of work. 
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The basis of a course in Inorganic Chemistry . — Many advanced 
students find Inorpnic Chemistiy the most difficult branch of 
Chemistry because of its large number of apparently disconnected 
facts. The periodic classification and the electrochemical series are 
acknowledged to be the best methods of classification for summariz* 
ing and systematizing these facts, but neither scheme can be fully 
appredated by the student at this stage. Other methods are therefore 
used. The occurrence, methods of wlraction, and uses of the common 
metals may be dealt with in broad outline under such headings as 
(0 occurrence free in nature; (ii) chief ores; (iii) extraction by elec- 
trolysis; (iv) extraction by reduction. Much repetition of treatment is 
thus avoided, and links with the electrochemical scries may Be 
stressed. 

Again, the metals may be dealt with in groups under the following 
headings:— -Oxides, hydroxides, carbonates, sulphates, chlorides, 
nitrates, hydrides, etc,, and useful generalizations and summaries of 
their preparation and properties should be made. 

In discussing the manufacture of nitric acid and sulphuric acid it 
is advisable to emphasize the Physical Chemistry principles involved. 
In dealing with qualitative analysis reference should be made to ques* 
tions of relative soIubiliQ', preparation of salts, solubility-product, 
applications of the Ionic theory, applications in quantitative analysis, 
and the sensitivity of tests. 

Finally, time must be found both to train the student to use differ- 
ent types of Chemistry books for specific purposes and to find his 
tvay round the school, college or public library. He should be taught 
to read the preface of a book so that its scope and main aims are 
understood. He should note the date of publication and, if possible, 
find out something about the aulbor’s qualifications. He should 
know the particular purpose of a book — whether it should be read 
throughout, serve as a reference book, pvc background information, 
supply useful iiluslrations or diagrams, amplify certain sections of 
rhe course, or supply a concise summary of the whole course. Books 
of all these kinds are required at difTcrent times. 

The student should be trained to use an index intelligently, and to 
skim quickly through a book when searching for spedfic information 
or ideas. At the same time it js a hall-mark of sound Science teaching 
to train the pupil to read critically and Intensively, but at the same 
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time to question and check doubtful statements, especially in popular 
Science books and in periodicals. 

Organic C/iem/j/ry.— Advanced students arc usually taught Organic 
Chemistry in a manner very different from that used for Inorganic 
Chemistry. The former requires new methods in laborato^^ tech- 
nique, and the use of unusual reagents and more complicated 
apparatus. The study of the so-called elementary organic substances 
requires a knowledge of comparatively complicated compounds. 
The junior syllabus concentrates on Inorganic Chemistry, chiefly of 
a practical or descriptive nature, with entire omission in many cases 
of Organic Chemistry. In consequence, unless special precautions 
are taken, an average student may see little relationship with the 
work of his earlier years, may be confused by the emphasis on few 
instead of many elements, and may fail to appreciate the system and 
generalizations embodied in the use of radicals and the homologous 
series. 

Elementary text-books on Organic Chemistry and many school 
courses often begin with a description of the rhethods ofdetecting the 
elements present in organic substances and with a treatment of the 
quantitative aspects of this question. Methods of determining 
formulae and other connected work arc then discussed. The whole 
of this branch of the subject appears to be treated for convenience 
rather than on educational grounds. The hydrocarbons are also 
introduced very early into the advanced courses, and thus not only is 
little valuable practical work possible, but the preparation and proi>- 
erties of these substances seem to the student to be dissociated 
from his previous work. Many difliculties can, however, be mini- 
mized by using as starting-points everyday substances such as starch, 
sugar and alcohol (sec Figures 2 and 3), or manufacturing processes 
such as the destructive distillation of wood, fractional distillation of 
petroleum and coal-tar, fermentation of sugar, and the manufacture 
of soap. Technical and academic language and diSicult equations 
should be avoided in the early work. 

A course in Organic Chemistry might include the Features men- 
tioned below:— 

1. Instead of the usual notes on the detection of the elements, 
followed by chapters on the paraSns, the olefines and the aceij^enes. 
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rat the introduction of secondary and tertiary 

secondary amines and a detailed nre studied from 

carbons. Both, aliphatic and aromatic “3“"" “ „s which are 
their structural aspect, by ta)"oreS 

typical of the homologous series. Them preparation 

ate related to those of the o'tedecessot, and the reverse 

5. Each substance is made from '• P .j^ construct a chart 

■ action is sometimes ,3 the system of the course and 

to emphasiae these points and to stress the y 

its inter-relationships. manner. Coal-tar is 

S. The aromatic scries is tr«ted 3u”;„u„cc for all the 
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7. Ve charts are built up during he 6"ul luv™ 
comparing and contrasting the pa . ^^5 side chain and 

aliphatic and aromatic during theoourse 

nucleuscompounds.arecom^e stresses human and practical 

The point of view »u.'''"3.3s«ematicaadl06ical develop- 
interests, but the alternative aspcc that some teachers 

ment are not . oreanic Chemistry courses on 

■ reverse the emphasis and base their Organic 

logcal development. reference should be made 

In teaching Organic Chemistry, similarity in chemical f 
to gradation in physical properties, and similarity 

erties. in each homologous senes. 
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4. On educational grounds the treatment should be based essen- 
tially on the preparation and properties of important elements and 
compounds used (a) in the home or in industry, (b) in the laboratory, 
it should (c) emphasize fundamcalal processes in chemistry, and 
(d) illustrate the classiilcation of elements and their compounds, 
using the electrochemical scries of the elements, the periodic classi- 
fication, 'or the grouping of chlorides, oxides, hydrides, etc. 

5. Allotropy should include treatment of carbon, phosphorus, 
oxygen, sulphur and tin. 

6. A knowledge of the chief chemical (rather than technical) pro- 
cesses for the manufacture of the following non-metallic substances 
is expected:—. 

oxygen, hydrogen, ammonia, nitric acid, phosphorus, sulphur 
dioxide, sulphuric acid, chlorine, hydrochloric acid, gaseous fuels 
(coal-, water- and producer-gases). 

7. A broad outline of the Commoner chemical processes involved 
to the manufacture of the followtog metals and their compounds 
is expected (rather than details of technical and metallurgical 
processes):— 

sodium, sodium hydroxide, sodium bicarbonate, sodium carbon- 
ate, Sodium hypochlorite, potassium chlorate, calcium oxide, bleach- 
ing powder, magnesium, rinc, aluminium, iron and steel. 

8. Less detailed treatment should be given to headings included in 
brackets. Allcrnatiycly, a further third-year course might include 
these topics and others such as: — 

Fluorine, tin, chromium, znangaocse and their compounds. 

The theory of steam distillation; fractional distillation; eutectics. 

Arithmetical problems on solubility products; order of reactions; 
transport numbers. 

Buher solutions and titration-curves; isomorphism. 

Valency in more detail. 

Stereo-isomerism; diazonium compounds; more complicated 
organic compounds, e.g. bcozaldehyde, benzophenone, benzoyl 
chloride, benzoic acid. (Reference to the syilabus of the cxamimng 
body for whose examination the student is preparing should confirm 
which individual sections are to be included.) 

9. The main features of the periodic classification are best illus- 
trated by more detailed treatmeot of the alkali metals, the halogens, 
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the inert gases, and the nitrogen group, in that order. Later the 
alkaline-earth metals and the carbon ^oup should be included. 

10. It is desirable that the metals and their compounds should be 
dealt with on the following ba^: — 

(a) .in detdl: — sodium, magnesium, calcium, aluminium, zinc, . 
copper, lead, iron (and steel); 

(i) in less detail: — tin, mercury, chronuum, manganese and nickel; 

(c) in outline only, as required in the treatment of a particular group 
of the periodic classification: — silver (except for important com- 
pounds in detail, e.g. silver nitrate), barium, cadmium, bismuth, 
antimony and the non-metal arseiuc; 

(d) alloys, to include duralumin, brass, bronze, solder, steel and 
type-metal; 

(e) to illustrate the general priocaples of the electrochemical series 
and the periodic classification. 

11. Whenever an element is included in the syllabus it is intended 
that both the element and its chief compounds should be studied. 

12. Fmally, due regard must, of course, be ^ven to the particular 
examination for which the students are being prepared-sinter- 
mediate D.Sc., advanced or scholarship syllabus of the examining 
body, etc. 

Syllabus of General, Inorganic and Physical Chemistry 

1. Hypothesis, theory and law. Methods of Science, scientific 
attitude. History of Science. 

2. Laws of Chemistry— revirion and extension of earlier work, 
with numerical problems. 

3. Determination of equivalent weights and atomic weights — 
Cannizzaro, Dulong and Petit (omit isomorphism and limiting 
densities). 

4. The gas laws — Boyle, Charles, Gay Lussac, Dalton, Graham, 
Avogadro; specific heats. 

5. Atomic theory; history, atomic structure, outline of electronic 
theory of valency, electrovalen^, covalency and co-ordinated 
valency. 

6. Gases. Molecular theory and kinetic theory of gases; diffu- 
Mon; ideal gases; liquefaction of gases. 

7. Molecular wdghts in solution— depression of freezing-point; 
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elevation of boUing-point (depression of vapour pressnro); osmosis; 
Renault, Victor Meyer. Dumas and Raoult. Assoctafon and d.s- 

“mne composition and formulae of 

nitrogen dioxide, carbon monoxide, carbon dtoxide. sulphur dioxide. 

hydrogen chloride, ozone and hydrogen peroxide. 

9. SoluUons-olassffication. SoUds and gases in tqmds-^t 
hvdrates- deliquescence and efflorescence. Pattmon cocfflcienL Con 
Sboiling fixtures. PurificaUon of »“tstances-eth« ex^ =n. 
steam dlstillaUon. dislUlaUon under reduced pressure, crystallization, 
sublimation and precipitation. univalent conduc- 



Uon. Law of mass acUon p^urc. concentration and 

ence on equilibrium of ^,£., „,ocesscs. Le Chatclier's 

catalysts-referencc to important tudustnal processes. L 

theorem. m^als and non-metals; clcctro- 

13. Classification of elements ujjjojy. modern systems of 

chemical series, iwriodic ^•“*®‘** ^ ’ appU^Uons; atomic struc- 
dassification; main - encrfiy (to be linked also with 

turc and electronic pf ChemisttyHoid”"^ ‘?‘‘i°- 

item y above and ^^ 5 „utalion of atoms-art.flc.al 

activity— stniclute of the ato unsUblo nucleus, nuclear 

radioactivity. nilcs cyclotrons, atomic power 

fission— atomic applications, 

planu-militaiy ““d hydrogen, water, hardness of 

14. Inuoductory 1““'^“ pp^siUon of water; hydtogea pet- 
watcr. history „f^iscovcty; oxygen, inert gasM 

oxide; the Sac; classiflcaUoa of oxides; acids, 

(helium, argon a^uM 
bases and salts, typ" 
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15. Alkali meuls illustrated by sodium and its compounds. 

16. Halogens in outlinc^-chlorine. bromine, iodine and tbeir 
hydrides; chlorates, iodates, chlorites and hypochlorites. 

17. Nitrogen— oxides; ammonia and ammonium compounds; 
nitric and nitrous adds and their salts; the nitrogen cycle. 

18. Sulphur— allotropy; hydrogen sulphide; sulphur dioxide, sul- 
phurous and sulphuric acids. 

19. Metals — chief ores, outline of methods of extraction; general 
properties of metals; alloys. 

20. Group L Potassium, copper, (mercury). 

21. Group II. Magnesium, calcium, (strontium and barium), zinc, 
(cadmium and mercury). 

22. Group III. Boron, borax, boric acid; aluminium. 

22. Group IV. Carbon, carbon monoxide, carbon dioxide, the car- 
bon cycle, carbides; combustion, flame, explosion; silicon, silicates, 
glass, silicon dioxide and silicon Utrafluoride. 

24. Group V, Phosphorus— oxides, chlorides; phosphine, ortho- 
phosphoric acid; (arsenic, antimony and bismuth). 

25. Group VI. Sodium thiosulphate; (chromium), chromates and 
dichromates. 

26. Group VII. More complex halogen compounds; (fluorine); 
general methods for preparation of chlorides. 

27. Iron and steel; (cobalt, nickel and complex ions); manganates 
and permanganates. 

28. Volumetric analysis. 

29. QualitaUve analysis: — 

(fl) metallic radicals — lead, mercury, silver, copper, (arsenic), 
bismuth, antimony, tin, aluminium, iron, chromium, manganese, 
calcium, strontium, barium, magnesium, sodium, potassium and 
ammonium. 

(6) acid radicals—cbloridc, bromide, iodide, sulphate, sulphite, 
sulphide, nitrite, nitrate, carbonate, (thiosulphate), orthophosphate 
borate, (chromate, acetate, formate, oxalate), 

(Note; phosphate separations are not usually required and not 
more than four inorganic radicals are present in mixtures for qualita- 
tive analysis at this suge) 

JO.. Gravimetric analysis. 
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Syllabus of Organic Chemistry 

31 Th= CMbon atom. Purification of orgamc compomds. QuaUta- 

hydrocarbLs-cUiylcuc and acetylene; unmtu^^^^ 

34. Haloscn compounds-alkyl f ^es c^ bJ 

bromide, chlorofom. iodoform and carbon tetraeblonue 

stiimion and addition. uinriratcd by formaldehyde, 

JJ. Aldehydea and -.'"“'‘ ■‘ Lfc and differences 

acetaldehyde, acetone-potymcrimUOD-s®dan'-«^^^^ 

between aldehydes and ketones; ad ' hv^di-ethyl ether, ethyl 

36. EUters, esters and acids iibasie 

acetate, formic and acetic acids, ’ rsjgrto-isomcrism.) 

.acids-oMlic acid. OUs, ^Sltyplcal e^aaLples, interconver- 

37. Amides, armoes and cyanides typ 

’'°°S. Carhohydrates-sugars and starches. „I„e_dis- 

i9. Aromatic isomerism. Differences 

tillation of coal.tar; constitution „ndg.’sideadiain and nucleus, 
between aliphatic and aromatic tjmienc; preparaUon 

40. ChlorinaUon,sulphonaUon,mlmUonofben«n 

and properUes of ehlorobenz^e, solphonie acius, 
aniline, phenol and benzoic acid. u.„,ovl chloride, benzyl 

41. (Benzaldchydc. benrophenone. benzoy 
alcohol, diazonium conipouf^*^^') 


be stressed too often that. 
Subject-matter for 7* H-tll chosen for their local or world- 

whenever possible, topics should enereV is outstanding 

wide and up-to-date intercsL Ao . .l,* jjjould be developed 

example (see item 13 above). for the benefit of every- 

in lectures by teachers and -on the social and moral 

• body in the school. Stress should be laio up 
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principles involved, in addiUon to the scientific. The hUloncal 
approach might wcU be used, and attention drawn to the namM of 
the sdentisls, in many countries, who have been concerned with the 
devdopment of the atomic bomb: American, British, Damsh, 
French, German, Italian, etc. (Sec Appendix A for a brief chart) 

Organization of practical work in the advanced course 
The practical work in the advanced course should be earned out 
chiefly by the students themselves, but occasional demonstrations 
are adrisable. It is necessary to have a sound practical laboratory 
manual, or, preferably, notes should be typewritten and pas^ on 
cardboard. In this way, numerous reliable and ori^nal experiments 
can be attempted and, furthermore, students can work at their own 
speed on the experiments they choose. In Inorganic Chemistry, the 
experiments should be grouped round the important members of the 
periodic classification, and much unnecessary repetition is avoided 
by cross-references to the instruction sheet, text-books and library 
books. 

By the end of the course the student should have received training 
in the use of all standard apparatus and in all types of laboratory 
technique, including the collection of gases, the use of catalysts, the 
microscope, and apparatus suitable for the dctenninaiion of eleva- 
tion of boiling-point, depression of freezing-point, electrolysis, etc., 
and in the typical operations of qualitative, volumetric and gravi- 
metric analysis. 

When every type of apparatus has been used, time should be saved 
by carrying out a greater number of experiments on a smaller scale. 
Thus a whole series of experiments on osmoris can be done in one 
lesson. For example, two members of the class fit up the usual 
thbilc-funnel and parchmcnl-paper experiment, and the porous pot 
and semi-permeable membrane experiment Two more cany out 
small-scale preparations of semi-permeable membranes. Others cany 
out simple isotonic tests under the microscope with flower-stalks, 
ete., in water and sail soIutions.The development of ‘trees’ in sodium 
silicate solutions and the placing of small, shcU-Iess eggs in water 
and salt solutions arc other variations of this experiment The 
advantages of small-scale Chemistry will be shown in Chapter VIIL 
Many tests in Oriole Cbenustiy can be done on the g^natl scale. 
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as for cxampio with esters and sugars. The student should certainly 
carry out one experiment to illustrate each of the more important 
operations, such as ether extraction. fracUonal distdlation, stram 
diHillaUon, purification by tccrystallizaUon, mtraUon, ’ 

acetylation and beiuoylation, but an excessive length of ^houl 
not be spent on organic experiments uhieh 
ciples. In later experiments much time can be saved by substituUng 
tesMubc work for large-scale experimenu. normal 

It is extremely im^rtant for the student to know the noraj 

phiiralstrormganTesubstanee^anditisdesirabetat^^^^^^^^^ 

should possess at least a specimen of evep f 

principles involved in the preparaUon. eolleetion 
a gas, liquid or solid vary considerably. Students 
exSiises to show that the methods 

ing out experiments dilfcr bemuse of the p y i .uyi chloride 

and resultants. Alkyl halides u a liquid. Other 
and methyl bromide are gases and methy . . . isda- 

related substances which require a diniuo- 

tion and purification are nitrobenzene, which is a liquid, and dimtr 

benzene, which is a solid. 


Science courses for non-specialuls 

It may sometimes happen that an ^Chemislry. This 

consisting of students who are not rae year 

opens up attractive prospects. Studen treatment of the 

only, and while contact is kept with an c method 

janbr courses, there is great scope this is 

is to enlist the full interests of the sludenU ^ 
not practicable, to surt individual x ... should possess. In 
appreciation of Science which our fu ur in num- 

some cases, suitable experiments may e p oxamina- 

ber; but if a boy who, for example, ..u qj one interested 

tion wishes to specialize in the science . ’ jg^j^uses, oppor- 

in plastics wishes^opreparcasumma^ome.rmo^^^^^^ 

tuniUes for pursuing these intetesls snouiu ^ 

possible to illustrate features of the topi ^ of work, and the 

ing's preparaUon a week can be devoted to this type 
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laboratory work will have to be fitted in whenever possible. Some 
students may be unable to suggest a topic, but if their abilities are 
known, they should be asked to work with a suitable group. Much 
thought will have to be expended on the student who shows little 
enthusiasm for Chemlsliy. A topic must be selected which will bring 
out the best of which he is capable. Students who definitely dislike 
academic Chemistry, and who have no examinations in view, might 
receive some training in the principles of Chemistry by specializing 
on its definite applications to industry. Others who arc handy with 
tools might be asked to design and make stands for holding 
apparatus. 

Another scheme of work which may be attempted with this non- 
specialist class is to give descriptive lessons with a few demonstra- 
tions. The students have sufilcient experimental knowledge at this 
stage to appreciate to some extent the great generalizations of 
Science, the influence of Chemistry on industrial history, and topical 
subjects of local or world interest Some few students may also be 
interested in historical Chemistry. 

It is unwise to confine consideration to Chemistry only, and a list 
of suitable subjects for non-specialists mi^t include the following:" 

1. Recent discoveries which have improved living conditions of 
mankind, including treatment of diseases, surgical operations, public 
health measures. 

2. The applications of Chemistry in modem life — e.g. plastics, 
metallurgy, textiles, drugs, dyes, fuels. 

3. Synthetic Chemistry; its development and scope. 

4. Scientific life, spirit and methods. 

5. The development of Chemistry since 1750. 

6. The applications of clcctridty to industrial Chemistry, 

7. Dcsigtring visual aids as a means of studying Chemistry: charts, 
diagrams, photography, graphs, film-strips, models. 

5. The study of the sea and its products. 

9. Common commodities; e.g. coal, common salt, soap, glass, 
cement, pottery. 

JO. Testing superstitions; claims of advertisements. 

11. Biochemistry and the human body. 

12. Colorimetry: to determine the sensitivity of tests. 

iJ. Important dates: Cheimstiy and scientific discoveries. 
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The followng is ihc sort of list that might be used in connexion 
with subject No. 13 : 

1688 Distillation of coal: Clayton. 

1709 Coke used in the blast furnace: Darby. 

1714 The mercury thermometer: Fahrenheit. 

1736 The mamiracture orsulphunc 'j;” ’ j )„ 1733 ). 
1785 Chlorine used as a bleaching agent Cmanufaetur ) 

1790 Washing-soda manuraclured from common salt. Leblanc. 

- 1792 Coal-gas used for lighting: Murdoch. 

1814 Photography: Daguerre. Wbhler. 

1826 Synthesis of urea from 
. 1847 Chloroform used as an anaesthetic. Simpson. 

1848 Tlie modern safely match. , . 

1858 Investigation of micro-organisms. P ^ 

1860 Ammonia used in refrigcralion; Carre. 

1863 The ammonia-soda process; Solvay. 

1865 Celluloid plastic synthesized: Parkes. 

1870 Antiseptics: Lister. 

1895 X-rays: Rdntgen. 

1898 Radium discovered: the Cunes. 

1906 Synthetic resin: Baekeland. 

1910 Ammonia synthesized: Hatar. 

1912 Vitamins discovered; Hoplans. 

1928 PeniciUin discovered; Filing. , „„gjxA,pase273) 

(Fordatesconncctedwithatonirceocrgy, PP _ 

The Ust could cover other j“^XusUon engines, 

invention or discovery of; steam ““ thermionic valves, 

aeroplaaes, spectacles, telegraph, of this kind to other 

wireL,lelevirion.et=.StudenUcanrelat=d^o^^^^ 

important events in art, music, econ ’ aentific course, or a de- 
In this •non-specialized- «ork. “ prove e<,ua!ly 

tculed study of one small section ^ of topics must Iw the 

successful. The guiding influence ui c ^5 in all teaching, 

individuality and interests of teacher an depth of knowledge, 

enthusiasm is probably more important than dep 
althou^ both are indispensable factors. 



CHAPTER IV 


The Teaching of Elementary Chemistry 

Preparations on obtaining a /irst appointment 
The position of Chejnislry in the General Sdencc scheme is dealt with 
in Volume VII of this series, and in this chapter reference is made 
only to Chcmistiy as an individual subjecL The points dealt with, 
howev'cr, will apply in general to the teaching of Chemistry as a 
separate subject or as a branch of General Science. 

The ncviIy*appointcd teacher may be in complete control of the 
subject for the v.hole of the school, or he may be fortunate enough 
to ho junior to a sympathetic senior science master. In cither case, 
be should obtain copies of the existing school syllabus and text-books 
and of his time-table. He should acquaint himself with the nature of 
any external examinations taken and the part Chemistry plays in the 
General Science course. 

The next step should be to read several well-known and successful 
junior text-books. The books of Holmyard, Sherwood Taylor, Mee, 
Uuler, SutcUfTe, Foviles, Holdemess & Lambert in England, and 
of such writers as Conant, Smith and Brownlee in the U.S.A., ought 
to be included in the list In particular the special aspects of Chemis- 
try in relation to Biology should be studied. Not only do these text- 
books contain up-to-date subject-matter, but they also ^ve useful 
guidance as to possible teaching methods. University students spend 
so much of their lime in the study of advanced Inorganic, Physical 
and Organic Chemistry that the more elementary work often be- 
comes incUsiinct in their memories. 

The teacher should note if there arc separate junior and senior 
laboratories, and if these arc adequately slocked. He should find out 
the number of pupils in the practical classes, and if he U to have the 
help of a laboratory asdstant or steward. He should decade if the 
laboratories are more suitable for demonstrations or for individual 
work, and should find out if a lecture-room, or a combined lectust^ 
room and laboratory, is avaibble. Questions of this type greatly affect 
the methods of teaching. The material to be taught is fairly well 
defined by the cxicnial examirutioa, and the or^nization of the 
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should bo Shown by the syllabus; but tho moUiods of touch- 
ing are essentially the teacher’s own and can, llicrcfore, be adapted 

by him to suit all the cxisUng conditions. . r„, 

It is advisable, in general, to follow the sytobus ^ 
time, but the young teacher may wish to mod.fy ^ 

may disagree with the posiUon of some of the lessons ■" ‘he s^labns 
and mayffor example; postpone work with the ‘‘‘‘‘■'“f' ^ 
cobalt nitrate, or d^ tests with f ' L ^ 

may decide to include a lesson on solubility m the first y 
postpone the lesson on mixtures and compounds. , 

He may feel that chemical cquaUons b' 'f 

late as possible, that his own s^al “ 1 ““ ' “ .^jjj„i,5^5Comcnt 

example in photography or metallurgy, oug connected with 

of JsyllaL. fU=;, there may be Sjod 

the position of topics on Chemist^ in I c . , , jimr the 

to modify or amplify the “^S bfm dc but it is 

method of approach. Such change should be mad , 

doubtful if a young teacher should do more 

a year’s experience. It may happen tot * > appointed to a 

Such caws occur when an incxpcneoce school, 

new school or when Science “connexion between the 

When the teacher clearly understands estimate the 

different years’ work, he should corner existing syllabus, 

amount to be covered each year . j 5on in a small thick 

Uenextstcpi 8 towritcupouU.ncsofMchl«^^^^^ 

note-book, which can easily be _ teachers, however, 

easy to handle on a demonstration bcoc • One side of each 

prefer a loose-leaf note-book or even jjjnde, 

page, or card, should be left blank so a of apparatus; 

after each lesson, on; improvements i ^ understanding 

failures of experiments; "'‘L.^rLory resulU in experi- 

parts of each lesson, or in obtaimng ' . text-books and 

ments; useful additional material supph oriEinal discoveries; 

technical journals; extracts from recor * , , -gphs and charts; 

details of local industries and undertaking * P . pje jn future 

■ etc. By this means valuable material is c technique, in 

years, resulting in steady at the correct stage, 

economy of time in reproducingparticular facts 
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aad above ail in maintaining a sustained enthusiasm for ^cmistry 
and other branches of Scicnce—of necessity the most impormi 
quality of a Chemistry teacher. As soon as possible, the whole of the 
junior course should be wntten out iti full. In every lesson, the 
teacher should incorporate the methods wluch appeal to him. He 
may dedde to adopt some of the schemes alluded to in this book, 
such as the application to local conditions, to biochemistry, to the 
historical method or to a modified Dalton plan. In the Dalton plan, 
carefully designed assignments or problcm^rds enable individuals 
to cover a wide range of cspcrimints and topics at their own speed. 
The instructions, best prepared by the teacher himself, are mounts 
on cardboard, varnish^ and numbered. They should ^ve full details 
for practical work as well as further help in the form of questions and 
of references to books for the pupils* reading. ‘ 

The teacher must certainly decade if he is to include the maximum 
number of individual experiments for Uie pupils, or if be will demon- 
strate rather more than the accepted number. Such decisions will 
influence the type of apparatus and the content of each lesson, which 
should occupy a double period during the first-year course. The 
exceptions to the latter rule occur when revision or tests take up 
part of a lesson. 

In addition, the teacher must bear in mind that there are other 
sources of infonnation utuch (he pupil should use. He must 
particular aiteniion to the need for a text-book to harmonize with 
the school work- Early lessons should be supplemented by direct 
reference to the text-book, which usually supplies diagrams, sketches 
and additional infomiatioQ. After completing the first year’s course, 
definite reading and summarizing of sp«:ial sections of the text-book 
should be carried out by the pupiL 
Different expert teac^rs advise different methods of approach to 
the use of a class text-book. Some indeed advise against the use of 
any text-book in the first year. The author feels, however, that even 
a good school library is insufficicot to supplement the pupil’s own 
notes. Particularly is this true for brighter pupils, who prefer their own 
text-books so that they may study on their own, read more widely, 
and have a reference book for ^iccking their own observations. 

It is not ca^ to find sinteble text-books which deal with Chemistry 
at its early stages in straightforward simple or to fiod 
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readers or supplemenury books in Science which arc specially 
written for the beginner. Tlte use of a ready-made skeleton book for 
the first year, which supplies clear instructions to catty out practical 
work, provides help in training die pupil to write notes, and gives 
supplementary notes, is one soluUon. In the U.S.A. more com- 
pr^ensive laboratory notebooks, manuals and work-books have 
been produced to satisfy this demand. 

The first two lessons in elementary Chemistry 
A preliminary talk should arouse interest and should Si™ 
of the work to be done. It should be point^ 
isiry is essentially studied for iu own sake, . . 
ttSons for mastering its subject-matter and f 

Further.asan cssendal branch of .heCeneralS«eneeour«,^^^^^^^^^^ 

in the understanding of sections of 1 ^’ 

Geography. A noUcc-board 

rules and the entering up of nolc^ The y 
Chapter X) should be explained, and. if po^iWc, ,«son. 

ing in homework should be settled. In rifcmistry up to the 

the teacher should sketch tlic broad ou m antiquity and 

time of Robert Boyle. Pupils rhus ^n “y^^^TpoUle 

scope of Ihe subjccL When the note-boo s advisable for 

to 8ud out if the pupils have "“'dc. a"!! 

the teacher to keep a record of Iho mistakes made, ano 

his own impressions of the lesson. . , should make sure 

Before begiuning the second lesson, 'i-' ^ gj' lockers ate 
that the apparatus is available on she ™ material is put out 

completely stocked. "scd. iSuucUons should be 

on the benches. If no pnuted the laboratory, 

written on the blackboard before the p p j^^ hooks, as these 
Reference should be made whenever P° avneriments and photo* 

nuiy coatain, for eaample. detads of ^ 

graphs of historical apparatus. For lUustraU p P Before 

■ Sat the second lesson is on the Bunsen burner or ga 
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dealing with laboratory’ sources of heat, however, the errors of the 
preceding lesson should be discussed. Tins satisfactorily accom- 
plished, the aims of the immediate experiments must be stressed, and 
the pupil must have no doubt as to the instructions to be carried 
out. If a text-book or typewritten copy of instructions is not in use, 
the pupil should make a copy of these from the blackboard into a 
small note-book. Not more than fifteen minutes should be spent on 
this part of the lesson. When the experiments bc^n, the teacher 
should walk round the laboratory and, as far as possible, discuss 
important points wiiii each pupil. He should ask questions and 
correct anyone who is not handling the apparatus properly. One 
pupil may have to be prevented from stopping up the gas inlet and 
another from burning the charcoal bloc^ On the other hand, if a 
boy obtains an exceptionally good charred circle with a piece of 
glazed paper held in the flame it should be kept for class reference. 
Pupils may occasionally work in pairs, and should be allowed to 
discuss minor matters. They should certainly be pven more freedom 
than in a classroom, but the teacher should be able to get instant 
attention, e.g. by rinpog a small table-bell, if be finds a common 
error being made or if be wishes to give further instructions. 

When the pupils have completed all their experimeats, cleaned the 
apparatus and tidied up the benches, funher class discussion is neces- 
sary. The experiments should usually be finished in from thirty-five 
to forty-five minutes, leaving twenty to thirty minutes for reviewing 
in det^ the whole of the work. In large laboratories, pupils working 
on the l^k benches might be biou^t nearer to the teacher’s bench 
for this discussion, or if a school b suffidently fortunate to possess a 
special lecture-demonsUatioa room, pupib should be moved there. 
The aims of each part of the lesson should be stated, and one pupil 
should be asked to give an account of the first cxperimenL The 
others should be asked to criticize any statement which they con- 
sider incorrect, but the cleverest pupUs of the class must not be 
afiowed to do all the work. Thus an exact and precise verbal descrip- 
tion of the first experiment should be built up, and the pupils should 
make notes at this stage. The whole of the instructions should be 
worked through in thb way, and as many of the as possible 
should contribute infonnatioa. The most difficult part of the lesson 
is the formulating of inferences from observations, and b impos- 
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sible unless the instructions arc accurately worded and the questions 
well thought out and to the poiaL Having questioned pupils during 
the experiments, die teacher will now be aware of the difficulties 
encountered. He should also have found time to scan a few of the 
note-books and should be able in consequence to pass quickly over 
the easy parts of the lesson. In other sections, it may be necessary to 
supply new data or to make certain definitions more precise. New 
or difficult words should be written on the blackboard. Emphasis 
should be laid on the sectional method of drawing (Chapter XI), and 
pupils should be reminded of the way in >vhich the material is later 
to be written up. If the teacher feels that some 
experiments should be demonstrated, a good 
method is to use large apparatus. A large 
Bunsen burner can be erected as follows:— Gas 
is passed through a piece of glass tubing which 
is bent at right angles and drawn out at one 
end. This end is fitted into a cork clamped 
undcrnealii a long piece of wide metal tubing 
(or glass tubing with a thin sheet of copper tied 
round tJie top end). The gas can be lit and, by 
altering the position of the tube, it is possible to 
demonstrate ‘burning-back’, and the different 
cones of the flame, in a most effective manner 
(see Figure 6). 

There arc numerous side-lines in (his particular 
lesson on a Bunsen burner. A gas-stove or 
blue-fiame oil-stove is based on the same principle as the burner, 
and the lesson should centre round one of these wlieii teaching 
girls. Boys may feel that they can improvise Bunsen burners 
from scrap material, and they should be invited to bring their 
models the following week. Reference might be made to coal- 
gas, explosions in mines, soot, beat-sensitive paper (blotUng paper 
soaked in a solution of cobalt diloride and a little ammonium 
chloride), the first sources of heat, Priestley's Jens, Davy's s^ety 
lamp, the Primus stove and the blow-lamp. Intelligent future citizens 
should be acquainted with the main outlines of such topics, and this 
incidental treatment at an early stage is sound educational practice. 

If three rather than two lessons can be given to the study of such a 



FIGURE 6.— 
Diagram of an ap- 
paratus Co show the 
prinople of the 
Bunsen burner 
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topic, the different sections may be developed still further by stressing 
the applicadofis referred to in Ccoersl Science Jessons (including 
Homecraft); the coal-gas industry; the consumption and cost of coal- 
gas or altemadve sources of heat used when coal-gas is not available. 
The danger of carbon monoxide poisoning should certainly be ex- 
plained in connexion with incomplete combustion of fuel in stoves 
and the exhaust-gases of motor-cars. 

Pupils should be referred to the notice-board and to helpful books 
in the school library. Finally, the subject for the following week — to 
compare the solubility of common substances in cold and hot water 
— should be mentioned. Pupils should be asked to bring samples of 
such substances as alum, plaster of Paris, sulphur, charcoal, nitre, 
common salt and sugar for their individual experiments. 

It is advisable to give the pupils information about next week’s 
topic and, for example, to set them the problem of suggesting how to 
compare the solubility of these substan^s by simple means, using no 
balatvcc but only very simple apparatus in the laboratory. They might 
be given preliminary helpby asking them how it is possible to measure 
small amounts of powdered solid substances and how they could 
find the volume of a test-tube. 

It is a sound plan (o supply brighter pupils with copies of the 
term’s syllabus so that ih^ are aware of problems to be tackled, and 
so that they may read widdy round the subjects. 

General methods in iater lessons 

The majority of the double-period lessons (eighty to ninety minutes) 
should be divided into three connected parts as described in Lesson 2. 
In the first part of the lesson, a series of quick revision questions 
helps the pupil to sec the connexion between the material to be intro- 
duced and the earlier work. A well-arranged syllabus ensures con- 
tinuity, but Ume is well spent in emphasizing such relationships. In 
the second part of the lesson, pupils should carry out the experi- 
inents and record their observations and conclusions. During this 
time the teacher should be busy helping individuals. The class dis- 
cussion at the end of the lesson should summarize the work and 
leave the pupil with clear and definite impressions of ail that has been 
done. In the final concluding minutes, the following week’s work 
should be introduced. In some of the later lessons, the mode of pro- 
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ccdure described above may occasionally be altered. The pupil should 
be set a problem, or be given certain inslrucUons, and he should 
make a written account of his eaperiment as “ On ote 

occasions wooden or cardboard models, or the bialding-up of 
chart, or the reading of an exUact from the wriungs of 
discoverer, or an eye-witness account of a parucular etenh or a 
Itriking experiment, may be the means of completing and reinforcing 

‘Sc Kneral approach to each lesson should be through probkm- 
sltuatio^ns linked with the pupils’ interests. It is unwise and indeed 

generalizations, concepts or principles. La , P 

should be appUed deductively to solving 
Thus, the essenUal order of a lesson is of the follomng type^^^ 

1 . The problem arises and is set out in clM P 

2, DiscLsion centres around its solution ..e^hypoAe^^^^^^^^^ 

gested by the pupUs, and evidence given for each, 
“'fixpeXm: aie suggesmd so that when they are carried out 

they may test the hypoth^s. conclusions ate 

The tesulU ate “burned records me ^ 
drawn from this evidence with ^1^“ ^ ij n-ference books 

5. Further experiments are made t^-buuk j 
are consulted, and other relevant information 

classified. . results and the con- 

d. Complete records of the 

elusions drawn are made in the pup Include demonstrations 

Some lessons in the tat yf “gof coal-gas bubbles 
by the teacher. Typical «“"P'“ * Seated iron, the synthesis 

(Figure 7 (n)), the P““S= “f ^ „n,csium on water. Some 
of water, and the action of soditim an j potassium 

teachers allow pupils to drop smal P . author advises 

on water and collect the hyt^o^ ® ’ demonstrations 

that these experiments should be cam ^jje 

under the control of the teacher (sec Figure 7 ( w, J 
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time, as a problem to be solved by ibc pupils. The brighter pupil is 
very critical, and will not be salisOcd unless the experiment gives 
good results. Accordingly, the young teacher should always first 
rehearse the demonstration in private. In this way any minor irregu* 
larity which occurs can be corrected, and later, when in front of the 
class, the teacher will feel confident of a successful deraonsUation. ^ 
The aim of the teacher should be to avoid confusion in the pupils 
minds. He will gradually acquire facility in anticipating the diffi- 
culties encountered by pupils, and will find out, by experience, how 
to obviate or explain these points. A discussion of some of the com- 



(at (b) 


FIGURE 7.— Demonstration experiments; 

(d) Buining bubbles of coal-gas 

(6) Burning hydrogen from the action of sodium on water 

ptex reactions occurring in the early experiments serves no useful 
purpose, however, and must be postponed for later years. On the 
other hand, a few of the reactions provide much useful material 
for study. 

Generalizations should be aimed at whenever possible, and stress 
should be I^d on statements such as the following: silver nitrate 
solution is used for testing all soluble chlorides and not only hydro- 
chloric acid; nitric acid is prepared by the action of concentrated 
sulphuric acid on any nitrate and not on the sodium salt only; all 
salts of sodium, potassium and ammonium, and all nitrates, are 
soluble in water; only the gases hydrogen and ammonia are collected 
by the upward displacement of air (Figure 8). 

In contrast, such varied results and unusual reactions as the 
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following should all receive emphasist-the different effect of hMl 

on the several elasses of nitrates: the different agents needed^^^^^^^ 

inc different cases; the spontaneous inflammability of phosphme, the 
h !h orubUitT”-moda and hydrogen chloride; the fact ttat Ure 
nolal oxid«, e.g. euprie oxide, rarely evolve oxygen on hcaUng. 

and the varied actions of acids on inciaJs. c 

LI series of reactions should receive “PP™P"f 



develop the principles of drying gases by building up a sunrnur, 
addin drying agents, eg. eoneentrated 

^“tsif;t'°d““S;.“S' drying agenu. e.g. ,uieldhn= or 
pcnio,xide, or solid causuc potasH, or cui 

The end of the first term ^ ^ review Uie progress 

When the first term is pound has been adequately 

of each class and to decide ff estimate of the 

Willi 
thirst for c 


of each class and to decioc u ^ estimate ot me 

covered. The teacher will, by this ^ ill have discovered 

capabiUdesofcachctos^deachiod vid^uM^^ 

which arc the enthusiastic P“^ v,. extent the school text-books 

lcdge.Hewmalsohavcestmiatcdtov.hatcxt 
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at in M-ilh lit siBabus. It is always woith wbflc to ““P“' 
cantoU ot each lesson with those in 
methods adopted in factual lessons, based on J 

purely on the initiaUve of the teacher. Arousing interKt, 
arrangLent of subjeet-matter and its presentation. 

answering, the framing of a shS 

are quite as important as the facts. The 

be presented as attractisely as possible, and junior work should be 
helped by constant reference to occurrences in 
The school library should contain books on Sacnce m e o 1 
life. Historical Science, General Science, etc. (see Append « 
nearby Public Ubrary may prove useful in providing popito Men 
booki It may also have helpful periodicals (see Ap^ti^ Bf. ^ 
every school or Science teacher should try to subscribe to s^ 
journals as 77ie SOux! Science Rev/ew. School Science and Mam 
matics and The Science Teacher. _ 

Another feature of the leaching of Chemistry is the <lfsir»Io but 
difficult aim of attempting to correlate the subject with PhystcL 
Mathematics, Biology. Domestic Science and Health Education, a^ 
to some extent with Geography and History. References should M 
made to each syllabus, and co-operation with the heads of ^ 
department should be of mutual advantage. Tbm, the ps laws 
require a knowledge of ratio, proportion and logarithms, which are 
usually laugjil in Mathematics. 

Pupils are often handicapped ihrou^oul the Chemistry course by 
their difficulties in carryiDg out particular arithmetical operati^ 
involving percentages, decimal calculations and the unitary methom 
Indeed it is advisable in the early stages to selea probleiM m 
Chemistry which avoid difiicult calculations, so that stress is laid on 
the chemical principles rather than on proficiency in Mathematics. 
It is a great advantage to use a slide-rule at this stage; there is no 
need to teach the theory of logarithms: the processes for multiplica- 
tion and division can be tau^t as mechanical operations in a feW 
minutes. It is also strongly recommended that the arithmetical 
operations should be carried out by the same methods in both 
Sdence and Arithmetic lessons. Consultation between Phj'sics and 
Chemistry teachers is nece^aiy in dealing with electrolysis, the gas 
laws and, later, with the molecular theory of structure, surface tea- 
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y^OGADltO’S LA>V:- 


Equal volumes of gases contain the same number of rooJe. 
cules 

B OYLE’S LAW;— 

The volume oTa gas varies inversely as the pressure 

* >'/ Pt 

r<e - OT — «<-! 

C HARLES’S LAW:— ^ 

The volume of a gas varies Jircctly a* the absolute tempera* 


Combicted: 


py^JtT or ^ 


P^ 7 \ 


of the 

CAV LUSSACS LAW:— 

I eS Gases combicK in uhote^vumber proportions 


Laws 


FIGURE $>.— The ’ABC* of the Gas La>vj— achart 


slon, bolliflg'poinu and met(ing*poin(s; with the Biology teacher in 
dealing with the composition of the air, respiration, solution, fe^ 
tilizers and, later, with topics such os diiTusloo and osmosis. Geo 
gmphy teachers may find difticuliy in explaining the meaning of 
solution, melting, combination, metal, ore, etc., and both geographer 
and chemist should discuss mutual teaching problems to avoid con- 
fusion in the mind of the pupil. It is most helpful if specialist teachers 
can agree to use similar terminology, although a different treatment 
of the same subject is not necessary. Such an arrangement is par- 
ticularly valuable in the teaching of Domeslic Science, Homecraft, 
and Health Education, when dealing with ventilation, gas-stoves, 
cleanliness, baking and -washing, preservation of food, bacteria, etc. 

Many other examples which stress the importance of correlation 
and the necessity for co-ordination of school subjects will occur to 
the reader. 

It must not be forgotten that an inspiring tMt-book often provides 
an alternative viewpoint which may appeal to some of tlic pupils. In 
any case, it must on occasions be used as a reference book. In con- 
sequence, the earlier laboratory w'ork should be connected with the 
pupils’ text-book by giving definite references to p-ages dealing with 
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the subject. Later, the pupils should be able to find the ri^crences 
for themselves. For homework, a preliminary reading of a pre- 
scribed part of the text-book may be set, or an especially lengthy but 
useful portion may be summarized. Sometimes questions may be Mt 
requiring intelligent revision or application of past work. At other 
times, pupils may be asked to design apparatus suitable for a par- 
ticular experiment or to write an essay on a general topic. Suitable 
subjects for essays include:— air and its u«s to man; hard and soft 
waters; the history of the chemistry of air; metals and their uses; 
sewerage and drainage; building a new house; how to keep fit; an 
sources of pure food. The contents of the essays should not be con- 
fined to Chemistry but should include references to other branches of 
Science. 

Problems to be considered as the teacher becomes more experienced 
After several terms* experience, the young teacher may decide to 
modify or extend the syllabus. He may find that certain sections of 
the old syllabus are unsuitable. Even if he retains most of the material, 
he will probably wish to introduce new apparatus and methods in 
order to stress points which he considers important. For example, 
he may feel that the atomic theory and chemical calculations have 
been included too early in the course; or that the chemical aspects of 
electrolysis of solutions ought to be introduced earlier to coincide 
with the teaching of electricity; or that the introductory lessons 
might include training in the use of apparatus employed in the 
chief operations of Chemistry, e.g. in solution, filtration, sublimation, 
distillation and fusion, using rimple substances such as sulphur, 
ammonium chloride, sea-water, nitre, sand, salt, coal, etc. More 
important, he may feel it advisable to rearrange the whole syllabus 
on entirely dilferent principles. He may decide to group much of the 
junior work around general topics — c-g. air, water and earth — or to 
base much of the work on metals or the electromotive force series, 
or to introduce the ionic theory at an earlier stage in the syllabus. 
HU decisions must be largely influenced by the teaching of General 
Science at lower levels. If so, he should rearrange the order of the 
syllabus to fit in with his views. Now that experience has been gained, 
he can compare his ideal syllabus with those ^ven on pp. 25 and 48. 
In rcarrangng a scheme of work, the following points should be 
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S“=^3==S:^'r::s 

lL?d fot be changed, minor 

may be dealt with more slowly and from ^ should be 

number of facts should be supph . j from the main 

learnt. It may be tempting for an cn usi whole, junior 

Usues if ialcLling side-rea«ions <«"• 

pupils cannot appreciate references , uy^jo-old or that copper 

L%ure.lncisnotRlIacWb,^»jlph^^^^^^ 
forms cuprammomum salts, o nuestions such as these 

it forms iu nitride in addition to tu “Lr pupils, 

should be reserved for individual orp ^ allowance and 

In the third and fourth years »otk ‘h' ^ament of die 

the nature of the work nec«siU 5 practical work, and 

scheme of teaching. The double ^ by the pupils 

noteson the experiments may occasionally «« j \ other 

in the labora.o';, so Utat bomework «n b= devom^^ 
aspect of Chemistry. Pracitce must w gi 

on past work, in building up text-book and also in 

problems, in summariiing ^ rather more than half of the 

systematic reading. In ’nt in amplifying the skeleton 

time allotted to homework mig ^swering questions. The pupil 
notes taken in the laboratory, an year's work. Each pupil 

thus compiles an orderly aewunt and another for com- 

should have a small Single lessons in later years 

bined theoretical and ^ more Ume for descrip- 

are rarely spent in practical w Subjects, talks by the pupils, 

live work, revision. ireatmcDi flop«^s“®i answering wnitcn 

fuller discussion of the weeks P"®®^ ^lems. The theoretical 
quesUons and working o^^^STfor^nsolidaUng the portions 
lessons provide excellent oppo ^ j. ^ widening the pupi 

of , he syllabus which hnve b«u^^^ 

' outlook. Theievisionwotkmthetoty^J TheoreUeal 

must be ^ven to covering with the experimental wor , 

Chemistry should now be co-o 
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the general rule being to base theory on practice. In later years the 
determination of equivalent weights, and experiments on the com- 
position of gases and the law of constant composition, introduce 
many aspects of theory. The construction of equations and solution 
of numerical problems are other aspects which cannot be omitted. 

The development of the indivuhol pupil 

Varied teaching aims and methods arc necessary to allow for the 
wide diflcrence in ability and interest of the pupils in each class. 
Both written and verbal accounts must be dven so that the pupil who 
fails to benefit from one method has the opportunily of developing 
clear conceptions from the other. Sometimes individuals should 
cany out different experiments oo the same topic, and they should 
be allowed to describe the parts of the expcrirocni which most appeal 
to them. A topic such as the ‘fixation* of nitrogen provides an 
illustration of how all the pupils may be employed so that each takes 
an active part in the lesson. A boy interested in Biology examines 
the nitrogen-fixing bacteria under the microscope^ one interested in 
gardening finds out facts about natural and artificial manures; a 
pupil interested In business notes the increase in the sale of ’fixed* 
nitrogen during recent years; another, with militaristic tendencies, 
se^ the importance of nitric add for explosives; the organizer charts 
the nitrogen cycle (see Figure 10); the girl interested in dietetics 
and food values studies the question of the nitrogen content of food; 
the roaibematidan plots graphs of the annual production figures for 
natural and synthetic fertilizers from year to year; the geographer 
finds out the sources and special uses of nitrates, phosphates and 
potassium fertilizers; and the librarian looks up information on any 
of these topics. 

Such figures as the following may be the means of stimulating a 
discussion on the reasons for, and the effects of, changes in world 
production: — 

Some 

Air (Niiric add, ammorua, etc.) 

Coal 

Chile ulipeire . 

Group work may be centred oa subjecu such as electricity in the 


World sn>liictloa of nurvseo coaipou>a* 

1X0 >912 19>* 

. 0 7-3 74-5% 

. 33-4 37-3 18 6% 

. 66-6 554 6-9% 
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local industries; the mineral acids totals, A 

- that pupils .^, 

ask questions by writing them out and placing to 

Uie box. Lists of questions relevant to ‘h' 

o,i,w to be tvoed out and pasted on cards so that brignicr p p 

may write out their answers at rimes when they 

Tany Stools the lessons tend to settle down to the ^ 

rourine. Not only should pupils be trained not to ^y on o 

book, but they should also be given deiimte projects so tot my 

consult PhyslK and Biology books, library books, atal^ 

encyclopaedias. Further, if they suggest, for 

mereurie oxide evolves oxygen on “P^ 

will do likewise, they should carry out expenmenu in the UborMo^, 

even if the results are negative. Such aspects may be 

questions in elasswoik (either from teacher to P“Pf “ P“P“,t, 

feacher), by reading in the school library, by deraonslrauons to 

Class, or by informal ulks with parents and friends. 

U is clear that a teacher must read widely around the 
with if he is to satisfy the curioaty of the individual pupil. In addi 
the teacher should frequently inuoducc valuable information on 
Science in other lessons. It is assumed that special lessons on hwiw 
and hygiene will also be given. Girls often inquire about sotien- 
ing of water, the comparative hardness of local water supplies, 
working of gas-stoves, the cleaning of metal-work, the removal o 
stains, the pasteurization of milk, and similar subjects. Boys may as 
for details of the iiunufacturc of iron, the properties of duralumin, 
the working of the oxy-acetylcne blowpipe, preservation by col 
storage, etc. . 

Many of the benefits gained from efficient ChcmUtry-teacmcg 
cannot readily be assessed. This is particularly true of such aspec^ 
as the pupil's attitude towards Science and life, his laboratory tec 
nique and the scope of his general reading. An onlooker cannot 
determine the value of the replies given in classwork, or the meat 
of the questions, unless be is wdl acquainted with many details. He 
must consider, among other critoia, the exact position of the special 
lesson in the carefully planned syllabus, the reasons for bias in a 
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certain diraclion, the 

tionship between the practical a whether the methods are 

subjecimattec is revision or new '«“*• “ „d. Some pupils 

Ukely to have a lasUng "”P"f oatUcularly good in written 
arc inacrive during oral work, u P examinations. Other 
work; consequently encouraging and inspiring, 

pupils are the reverse, their ora themselves on paper. Most 

but they find diliiculty m pupils. andayoung 

classes h''”’-'’***’ Tir^enmooscdolvaneaiyp r 


teachcrmustnoijuuB=,.~— -u „ni icain 

of a few individuals. ™pil against the erroneous 

balancethclogicalanswersofthcbnllianlp p 

replies of the impulsive and erratic one. 

The inlerests a/ pupils.— The P“^®J^ ^,rmighflK’coiisideted. 
with a bias towards the pupds ov™ "let aged 

The writer collected the . apmparatively small. 

11-16. The number »f t ‘ ,'Tres=arch that might be 

but ihev eive some idea of the 

attemptc^d. The questions general interest you would 

1. Name any subject of paritcular or gc 

like to study. , .u-, «rHpr of popularity: aeroplanes. 

The subjects chosen were m this ^|^',jjaity. Chemistry. Nature, 
motor-cais, engineering and cngi . 
games. w„t, .re Study and Biology? 

2. Would you Uke to tem N»«^^cnt.-Yes. 

Forty-eight per cent.— No. Fit ^ plants? 

3. Are you more interested in jg|,t per cent. 

. Animals-nincty-two P« “ >„!^"d Ihe^Y “f “■= 

4. Are you per eent-No. 

Scvcnty*nine per cent, x • 

J. What is your hobby? pp,ar being m oroer. 

Forty-seven were cycling, f 

stamp^oUecling, reading, like best to visit? 

6. What works or ‘“"f “^.^choeolate and cocoa, b.scuiL 
Tile most popular m order " spap, railway works, 

motor. Meccano, the above replies were. 

The external factors mfloeneing the 
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environment of the schorf, the advcrtiscjncnts of certain firms, the 
material of recent lessons, and the age of the boys. The replies are 
instructive and illuminating. ITiey show the wide interests of school* 
boys and the slight extent to which Srdiool subjects are based on these 
interests. Much research would have to be carried out in other boys’ 
and giris’ schools before pupils’ interests could be definitely made the 
centre of uniform syllabuses. Each teacher, however, can easily find 
out the interests of the pupils in his own school, and these interests 
should be considered whenever a course is being planned, or an 
illustration is required for a specific principle. 

From the above replies it is seen that these boys preferred a 
reference to an animal rather than a plant, to an aeroplane or motor- 
car rather than to a bridge or building. In such cases a Science lesson 
should be arranged so that rcfcrencts are made to the subjects 
holding the greatest interest for the boys. 

Hou^op and Weeks * state that Chemistry and Gymnastics arc the 
two most popular subjects with English boys, and that they are lilted 
by pupils of widely difiering abiliu'es. In contrast Physics and Latin 
are generally disliked. The advantage of an initial interest does not 
mean that the pupil will be amused or entertained by Chemistry, but 
that he is willing to work voluntarily in learning it, and that it is 
relatively easy to convince him that Chemistry is a subject meriting 
his attention. 

Further, analysis of the contents of magazines and books read by 
boys and girls in both the U.S.A.and Great Britain shows that there 
is a definite demand for clear factual description of mechanical 
inventions and of scientific phenomena connected with CbemisUy. 
The need is greater with boys than ^Is, but both sexes appear to 
require books wluch supply up-to-date and predse information 
rather than semi-popular and often inaccurate accounts. 


TTie progress of a lesson 

J, Each pupil should be allocated to a particular bench at the first 
lesson. In future lessons he should always go at once to the same 
bench, so that a quick start can be Tnarfo 
2. A certain amount of subject-matter must be covered in ca^h 
lesson. Too much should not be attempted, as allowance must be 
* School Sdaee ReHew, No. 109. 



THE TEACHING OF ELEMENTARY CHEMISTRY 75 
made for any legiiimale ^^ouW 

fitrssr.-—; i- —■“••■ 

"rfh,’sf 5^. EE »■ -.I— — *••“ “ 
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13. Ask a friend to point out any peculiarity of promwaation, 
delivery, or other mannerism, or the persistent repetition of a 
common phrase. 

14. It is more difficult to teach in a laboratory than in a eJassroom. 
Stools are uncomfortable and may be noisy unless pieces of rubber 
are screwed under the feet of their legs. It is often difficult for the 
pupils to sec the blackboard. There arc many temptations to handle 
apparatus and reagent bottles during the theoretical part of the 
lesson. The permanent remedy is to have adjacent lecture-rooms, or a 
combined laboratory and lectuic-toom. The temporary remedy is to 
arrange the pupils in as systematic an order as possible, to make sure 
that ffic blMkboard and dcraonstraiions can be clearly seen by all, 
and finally (and of the utmost importance) to get the pupils thor- 
oughly interested in their work. 

Tests in Chenustry 

Constant revision is necessary in the teaching of Chemistry, and this 
is onen introduced in an inddeota) manner. The majority of the 
lessons are prefaced by connecting new topics with old ones. 
Systematic oral questioning will give the class further opportunities 
for rension. In addition, occasional written tests ensure that each 
pupil has acquired a definite understaading of past work. A teacher 
should determine at what rate the class has progressed. Well-planned 
tests will enable him to find out the cause of many difficulties. 
Certain words may still be retarding the development of juniors; the 
meaning of definitions may not be clear; facts may be known, but 
pupils may be unable to reason from them. The tests should often 
cover the work of a period of three to four weeks, when the study 
of a set subject, such as the atmosphere, has been completed. Tests 
should also be given on individual lessons and on the study of special 
seaions of the text-book. Questions covering a wide field may be set 
for homework or classwotk when a complete answer is required. 
Here it is possible to sUcss the importance of the facts, the arrange- 
ment of the material and the style of the answer. 

Written tests in class should more often be of a different type. 
Twenty to thirty short questions should be asked, and the pupils 
should write down their brief replies immediately. Intelligent and 
industrious pupils are usually ready with quick and accurate answers. 
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SO that OQ the whole the results oS the test indicate the relative pro- 
gress of each individual. A reasonable number of factual questions 
should be asked on the subject-matter which has been considered. 
Short and definite answers should be expected. Thus:— 

1. Give the chemical names (not foimuJae) of the following: spirits 
of salt and washing soda. 

2. Explain the meaning of the following terms and give one 
example of each: deliquescence and thermal dissociation. 

S. Give one chemical test to find out if a substance is red lead or 
mercuric oxide; carbon monoxide or nitric oxide. 

4, What is the approximate specific heat of a metal of which the 
atomic weight is 112? 

5. Give equations for and name the products of the reactions: the 
action of heat on (a) a mixture of iron and sulphur; (b) sodium 
bicarbonate. 

In tests of this type, the pupil must clearly understand from the 
nature of the question what answer be is expected to give. Such 
precision is to be recommended, as pupils are sometimes misled by 
the vagueness of examination questions. For example, if the question 
is 'how is oxygen made?' the pupU will not know if he is to supply 
details of the commoner sources or of several substances used in a 
laboratory preparation, whether be has to include reference to the 
manufacture of oxygen, or if be has to describe the laboratory 
preparation of the gas. 

In some questions, it is advisable to ask for a definite number of 
illustrations. For example:— 

1. Give four examples of oxidizing agents. 

2. Give the names of two other substances which are formed, in 
addition to sulphur dioxide, when concentrated sulphuric acid is 
wanned with copper. 

• 3. Has sulphur dioxide approximately the same density, a smaller 
density, or a larger density than air? 

4, Name two gases which have a smaller density than air. 

Revising fiom an experiment . — Cfsefuf revision questions can 6e in- 
cluded following on experiments. Thus, pupils might be asked to 
reduce litharge by hydrogen. Questions of the following type might 
be included in such a test;— 
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1. What Other oxides can be reduced in this way? 

2. What oxides cannot be reduced in this way? 

3. Could you collect the water evolved in the reduction? 

4. Given list of four substances which absorb water. To what class 
do they belong? 

5. How is the composition of water determine by the findings of 
this experiment? 

6. Could you determine the equivalent of lead by this experiment? 

7. Give reasons for any iozccutacy in your results. 

S. What wei^t of lead forms if (a) 10 gm., (A) 10 tons of litharge 
are completely reduced? 

9. Which substance is reduced and which is oxidized in this 
reaction, and why? 

In the junior stages direct questions of varied type should be sub* 
sUtuted. These tests, and others, should be devls^ or collected by 
the teacher, classified according to the order of the lessons and 
written up in a DOte*book. In framing questions new facts can be 
introduced, while other questions will necessitate the drawing of 
rough sketches on the blackboard. For example, in revising the 
preparation of nitric oxide the apparatus should be sketched on the 
blackboard. Both the sketdies and the labelling should contain 
several mistakes which must be corrected by the pupils. (Tests in 
which errors are shown to pupils are, however, condemned by some 
educationalists.) 

Varied types of tests. The following is a Selection of suitable 
examples: — 

1. Insert the misting words: potassium and 

dioude are used in the preparation of oxygen. 

2. Approximately ci^ty per cent, of the air is 

3. Lead monoxide is a basic oxide and carbon dioxide is an acidic 
oxide; write down three more examples of each type. 

4. Cross out any of the following statements which arc not 
true: — 

(а) KNO, -I- H,0 = HNO, + KOH. 

(б) Oxygen is the ctuef constituent of the air, and is present to 
the extent of seventy-five per cent. 

(c) The symbol for hydrogen chloride is HCL 
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5. Insert the missing words t dnce carbon converts lead oxide to 

lead, carbon is called a 

6. Give two differences between sugar dissolving in water and zinc 
reacting with dilute hydrochloric acid. 

7. All ammoniuTn, sodium and potassium salts and all nitrates are 
soluble in water. All carbonates except ammonium, sodium and 
potassium are insoluble. Give a list of six salts which are soluble and 
six wtuch are insoluble in water. 

Other questioas to be aaswered by summaries la column or chart 
form should be given. Examples are: — 

Compare and contrast the preparation and properties of— 

(a) Carbon monoxide and carbondioxide. 

(b) Carbon dioxide and sulphur dioxide. 

(e) Hydrogen and carbon monoxide. 

(d) The oxides of nitrogen. 

(c) The ahotropes of sulphur. 

Other questions might ask the pupil to — 

], Contrast in chart form the lead’Cbamber process and the 
contact process for the manufacture of sutpburic acid. 

2. Show why the percentage of carbon dioxide in the air remains 
constant at 0-03 per cent. 

3. Show how sodium chloride may directly or indiiecUy provide 
substances such as chlorine, hydrogen, oxygen, and the oxid^ 
hydroxide, bisulphate, sulphate, bicarbonate and carbonate of 
sodium. 

Illustrate by a diagram the relationships between the various 
compounds formed from calcium and carbon dioxide. (For 
example, sec Figure 11.) 

S. Draw up a chart showing the preparation and properties of all 
the common gases. (For example, see Figure 30, p. 164.) 

Whenever possible questions should be based on local, topical or 
factual nmterial. Pupils should be expected to study the implications 
of chemical facts which appear in newspapers and journals on, for 
example, mining disasicm, explosion^ poisoning cases; new water-, 
gas- or sewerage-underta^gs. 

Alternatively, pupils might be asked to draw graphs, or diagrams, 
representing the production and consumption of certain substances, 
using figures taken from rcUaWe sources such as year-books and 
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government reports. It is a valuable exercise for each student to 
consider the economic and social questions involved in examples 
such as:— 

L Sources of sulphur for producing sulphuric acid. 

2. The relative amount of sulphuric acid produced by the lead- 
chamber and contact processes during recent years. 

3. Uses of sulphuric add in industry and in diSerent countries. 

4. Questions, similar to the above three, on the manufacture and 
uses of nitric acid and ammonia and ihcir salts. 

J. Production figures for steels: relative production compared 
with other metals. Changes in production figures for aluminium. 

6. Uses in industry of (a) different metals, (b) calcium carbonate, 
(c) quicklime. 

7. Compare tlie figures quoted in 2, 4 and S above with Uiose for 
your ovm country, or other countries, and with those for the rest of 
the world, and account for significant differences. 

The following are some sample figures:— 


SULPHURIC ACtO (tN TONS OP 100 fUt. CENT. ACJU), 1950 


/. Production in Great Britain 
Chamber acid . . ■ 133,300 tons Contact acid . 


289,700 tons 


2. Amounts used 


Superphosphate . . 
Rayon and uansparent 

102.000 tons 



Iron picklinc . . * 

22.800 „ 

Hydrochloric add . . 
Oil refining and pelro- 

16.300 .. 

Icum ptMucts . . 



Ammonium sulphate . 

Paiol and Ltbo^nc . 

IXestuirs .... 

Clue and gelatine . . 

Agriculture, sulphates, 
soap, glycerine, sew- 
age piinficatlon and 
aocumuUtors, etc. . 


S9.COO tons 
39.100 „ 
20,700 
16,300 .. 


93.600 


Toul 445,31»lonj 


J. Raw Afalerials 


Sulpbur and b>droEen lyrite* . . . 

sulphide .... 91,500 Ions Auhydnle . . 
Spent ewide .... 47,100 Zinc concentrates 


, 43.400 tons 
. 43.600 .. 

. 43,900 
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The following is another unusual ^pe of problem *; — 


Ammonium choride 
Barium chloride 
n-iHtifn chloride 
Caldum hydroxide . 
Ferrous sulphate 
Potassium carbonate 
Poussium lutrate . 
Potassium sulphate . 
Sodium chloride 
Sodium sulphate 


SohtWtir ' BoOiae-point 

as £LF. of of Btunied 

SohAnliir ulunlad lolutloa, 

UUrc. soluUOQ ’C- 

i7-2 88-9 114-2 

35-7 60-1 IW-4 

74*5 325-0 179-5 

0-16S 0<}S lOOO 

26-5 177-8 102-2 

110-5 205-0 135-0 

31-6 284-6 114-5 

IMl 21-21 101-7 

360 41-2 108-4 

15-0 43-0 103-4 


Which of the following conclusions (I) are clearly indicated by the 
above data, (2) may be true but not proven, (3) are unsupported by 
the above figures? 

1. The greater the weight of solute present, the higher is the 
boiliog'polot of a saturated solution. 

2. AU substances increase in solubility as the temperature 
increases. 

3. Saits of potassium show the greatest increase in solubility with 
increasing temperature. 

4. Sulphates have the lowest boiliog'points with saturated solu- 
tions. 

5. Chlorides have the highest boiling-points with saturated solu- 
tions. 

6. The boiUog-polnts of saturated solutions do not depend on 
the rates at which solutes increase In solubtll^ with increase in 
temperature. 

Little direct information on the above is given in the text-book, 
so the pupil receives excellent (raioiag in looking up facts and in the 
co-ordination of the knowledge so obtained. 


Recent developments in tating Chonistry , — In recent years, especi- 
ally in the U.SJ^ the use of newer types of tests has been extended 
to Che mis try. Research has been concerned in devising, classifying 
and standardizing such tests so that ifa^ may be used for specific 

*TUxa from the 46(A IVar Ba<A of the Maiioml SoeUir for the,Studyof 
Edneaion, Pari 1. 
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purposes. Extema] exanuoations have th«r own specific purposes in 
assessing the attainments and abilities of pupils to enter a more 
advanced type of educational institution or to take a further examina- 
tion. A teacher also requires such information but, in addition, 
wishes to measure a pupil's progress relative to others in his class. 
The teacher may also require diagnostic tests to find out which parts 
of the subject arc learnt with ease and which with difficulty; if prac- 
tical work has stressed particularaspects; and if the attainment level 
of the pupil corresponds with his mtclligcnce-raiing. 

Some questions are set deliberately to test a pupil’s knowledge of 
facts, his use of apparatus and his manipulative ability. Others may 
test his ability to apply chemical piincjples in solving problems. 
Teachers find that carefully devised questions may also bs a most 
efTcettve means of learning new work as well as of revising old 
work. 

ClasslficctiM cf tests in External examinations supply 

many questions of the essay or descriptive type: 'Write an account 
of . . 'Briefly describe . . 'What b the action of . . It is not 
intend^ to classify such questions here, but rather to consider the 
newer type of questions which require shorter answers. Many of the 
latter tests involve little writing other than filling in blanks, or under- 
lining or crossing out a word or phrase. It is, of course, advisable 
to use both types of tests. The shorter tests have many advantages, 
however, over the longer and older types of questions. They effec- 
tively cover a very wide field; they can be marked with precision since 
precise answers are required ; they can be standardized and therefore 
used to compare the attainment of individual pupils or a whole class. 

A complete set of such tests may include one hundred questions, and 
forty or fifty of these should be of the tnio*faIse type. The test should 
occupy thirty minutes to be effective. 

These tests may be classified under the following hKuiings: — 

1. True-false type.— Put T in the braclmt if you consider the state- 
ment to be true, F if you consider it false. 

(а) Air is a compound [ ]. 

(б) Hydrogen is a reducing agent [ I- 

(c) Iodine is a liquid at room temperature I ]. 

2, Knowledge of facts or pritici^es — ^simple recall type. 
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(o) Why does a Bunsen burner ‘back-fire’, ‘strike-back’, or bum 
at the jet? 

{b) Define the law of constant composiUon. 

(c) When is sulphuric acid not manufactured from sulphur, air 
and water? 

3. Completion rj'/je.— Copper and concentrated nitric .acid form 

+ + 

4. Matching type,— In front of each of ten words in the second 
column put the number of the first-column word with which you 
think it is connected. 


Sodium hydroxide 

Non-metal 

2. Potassium 

Alkali 

3. Red phosphorus 

Slaked lime 

4. Hydrochloric acid 

Washing soda 

5. Nitrogen dioxide 

Fc,Os + AI 

6, Sodium carbonate 

Metal 

7. White phosphorus 

Poisonous 

8, Calcium hydroxide 

Salt 

9. Thermite process 

Add anhydride 

10. Calciumcacbonate 

Dolomite 

Caldte 

Valency of one 


5. Multiple choice type . — Cross out the sUlcmcnts which do not 
apply;— 

(a) Carbon is <>) a reducing agent, (ii) insoluble in water, (iii) an 
acid anhydride, (iv) a non-metal, (v) insoluble in boiling sulphuric 
acid. 

(b) The bromine in potassium bromide is removed or replaced by 
(i) chlorine, (ii) sublimation, (iii) carbon disulphide, (iv) iodine. 

6. To leu reasoning po»WJ.— Select the best answer by crossing 
out statements which you consider are incorrect; — 

Potassium chlorate is an oxidiang agent because (i) it contains 
chlorine, (ii) it is used in making matches, (iii) it contains oxygen, 
(iv) it evolves oxygen on heating, (v) its name ends in — ate. 

7. Varied types . — ^Thesc include the interpretation of diagrams, 
charts, graphs and staUslics. 

AW. — Arithmetical problems arc discussed later (pp. 15J, 1S7). 



CHAPTER V 


Organization of the School Laboratory 

Stocking the laboratory 

The problems which have been discussed in the previous chapters 
have been mainly concerned with teaching methods and technique. 
Much of the teacher's time, however, must be given to superintend* 
ing the organization of the laboratory and making arrangements for 
classes to carry out their experiments smoothly. 

Chemicals. — The list in Appendix C is the minimum for a course of 
the kind recommended in this book. Inorganic and organic sub- 
stances are given separately, with the approximate quantities re» 
quired annually by a school with 25 to 20 pupils in each class. 
Larger amounts may be needed in a school with two or more streams, 
if the practical work is to be done saiisfactonJy. Quantities can only 
be shown approximately because they will depend upon the experi- 
mental methods advocated by the teacher. It is advisable to keep >n 
stock the amounts suggested, and to base the order for annual 
replacements on tiic stock-book records, which will supply exact 
information about (he rates at which (he chemicals arc used. 

The following points should be noted: — 

J. It is generally cheaper to order large quantities of substances 
wblcli do not deteriorate on keeping: c.g. copper sulphate and 
ammonium chloride can be kept in Jars of 3 kilograms or 7 Ib. 

2. The three common mineral acids are ordered in concentrated 
form in Winchester quart bottles,* usually six at a time. The weights 
of concentrated acid, per bottle, arc approxin»ately; hydrochloric 
3 Kg. ; nitric 3 J Kg. ; sulphuric 4j Kg. As a rule it is best to use tl)e 
‘pure’ quality of acid. (‘Fuming* nitric acid, in addition, may be 
required for work in organic chcim'stiy.) 

J. Care should be taken to order the physical form wanted in the 
case of each substance, and reference should be made to thecatalogue 
of a reputable firm of suppliers. For example: pciJeis of sodium 
t About J see fooloote oa p^ge 279. 
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hydroxide are preferable to flakes or sUcks; bromine should be 
obtained in sealed tubes; deliquescent substances, quicklime, bleach- 
ing powder, etc., should be purchased in small bottles or tins. 

4. Besides the ordinary stocks of certain substances, samples of a 
high degree of purity may be necessary for analytical work: c.g- 
sodium chloride, sodium bicarbonate, etc. 

5. If a full course of qualitative analysis is to be followed, small 
quantities of substances representative of each group must be 
stocked. Further, organic reagents such as dimethyl glyoximc may 
be required. 

Apparatus. — The i/st of basic requirements, given in .Appendix D, 
is divided into three sections: (a) for the junior classes; (b) additional 
items for an advanced coune; (c) some general equipracnL Emphasis 
must be laid on tlie following points: — 

{}) Many of the items in the first section of the list will be found 
in a general science laboratory, and th^ need not be duplicated even 
if Chemistry is taught as a separate subject in the junior classes. 

(ii) Most of the items in section (o) will be required in, and will 
be suitable for, an advanced course. But the latter will need some 
special apparatus, as shown in part (b), and care must be taken to 
select the most appropriate types. 

(ui) Section (c) of the list include some tools, etc., which should 
form part of the normal equipment of any laboratory: they need not 
be obtained especially for the teaching of Chemistry. 

(jv) Many pieces of apparatus can be made or improvised, and 
other items can sometimes be purchased locally. 

(v) Quantities to be kept in stock will depend upon the length of 
time between the despatch of an order and delivery from the suppliers. 

(vi) Quantities arc not suggested in the list, for titey depend on 
several variable factors; c,g. the sixe of classes, the number of pupils 
per class, the teacher’s method of organizing practical work, etc. 
When every pupil in a class requires a particular item, it is easy to 
calculate the numbers to be ordered. 

(vii) Some items will last for many years; others will be used up 
quickly. Accurate records in a stock-book should provide the 
infor^tion necessary for the ordering of annual replacements. 

(viii) Great care must be taken to order the right types and sizes 
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Of all oqulpmarni eg, corks 

glass- and rabbar-tublng of smKbte a^ conjmy 

bunsenBamers .anufaclurad 

sible, and it is therefore unwjse lo or j^y individual 

beakers, bottles, flasks, etc. In gc ' the smallest and 

and demonstraUon ^„e of apparatus is needed 

eg. resistance-glass Jy J, Ais and later chapters. 

These points are considered more tuny 

j «mnle but systematic records 
The stcehbook and other amounts of chemicals in 

should be kept of the apparaiw headings such as dale, 

stock. The st?ck-book should have 

number, size, type and ‘'““'■'^'^t'l’ljmanyedueationaulhon- 

teacherspreferacard.indextoa , Qn,p]eted stock-book 

desbavetheir own teacher. Hccancalcn- 

supplies most useful records fo different apparatus an 

late the average yearly °„d breakages of apparatus 

eheuueals, work oul the lurahility of different 

suppUed by different firms, or find » t for 

qualities or different sizes Tj'ebie condensers sinM they 

example, double surface cond^ia . Jji„g vapours and tberc 

occupy less space, are more efficient m breakages than ^ 

are sLr br^kages. Squat ‘orcelaiu, good quahty 

ones, silica evaporating basins the total expense is 

glass test-tubes less than cheaper g ^ 

* Another useful device is “ “jo St masters. 

book’ in the store-room or „,or up the name of my 

as^tanis and advanced staden stocked but is req 

chemical or piece of apparatus which is not 

or which will soon be used up. 
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Another type of reference book that ought to be available should 
contain such details as: — 

1. Physical constants of commoner substances, including boiling- 
and melting-points, solubilities, densities. 

2. Amounts of chemicals required to prepare (o) standard solu- 
tions for volumetric analysis, (b) solutions for reagent bottles, 
(c) special solutions, e.g. Fchling*s solution, soap solution, Nessler’s 
solution, 

J. Recipes for cleaning glassware and metals, removing stains, 
freeing glass stoppers, fire-proofing, etc. 

Finally, a small personal book for the teacher’s own use should 
contain such information as: — 

1. Contents of scries of numbered stoppered bottles containing 
single substances and mixtures used in qualitative analysis. 

2, Strength of solutions, purity of chemicals, alloys, etc., used in 
volumetric and gravimetric analysis. 

If possible, substitutes for expensive chemicals should be provided, 
and the pupils or the laboratory assistant should construct some of 
the apparatus. Use should be made of local supplies. These may 
^ve inferior results, but they will have a wider and more intimate 
appeal. 

The teacher will have to attend to, or at least supervise, the fitting 
up of a first-aid box, the labelling of all the stock bottles with refer- 
cDce numbers for an index, and the collection and labelling of 
Winchester quart bottles (or other suitably large bottles) for stock 
solutions of all the commoner reagents. 

The storage of chemicals 

The chemicals on the shelves in the stock-room or cupboards should 
be grouped in a systematic vizy. The commoner chemicals should be 
arranged so that all the compounds of one element are logclhcr. The 
elements are often arranged in alphabetical order. An alternative 
method is to arrange the elements and their compounds in the order 
in which th^ occur in the groups of the periodic table. A third 
method is to group all the cleroents, oxides, sulphates, nitrates and 
other similar compounds together. 

Whichever method is used, it is an advantage to number each bottle 
or jar and to have an index book, so that any substance can be found 
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at a moment’s notice. The bottles must be replenished periodically. 
All labels should be brushed over with melted paraHin wax in order 
to avoid fading and prevent deterioration, and to ensure permanent 
adhesion. 

The reagent bottles sliouid be kept in definite places on the benches 
or in the cupboards. For junior classes it is preferable to keep the 
laboratory inches clear and to band out the reagent bottles as 
required. This is best carried out by storing the reagent bottles in 
wooden stands of suitable size. One stand might contain bottles 
of dilute hydrochloric, nitric and sulphuric acids, sodium hydroxide, 
ammonium hydroxide— all of twicc-normal strength (p. 9Ij — and 
Ume-water. Allcrnativcly all the solutions of (Ita same kind might 
be stored together. 

Some teachers recommend a system of coloured bottles or bottles 
with spots of coloured paint so that it is possible to check at a glance 
if the reagent bottles have been replaced in the correct position. It is 
most advisable to have the same<sized reagent bottles with the same 
type of labelling— preferably sand*blasied. 

Special precautions in storing c/iPw/co/r.— Large bottles should be 
Stored on the fioor and not on shelves or benches, and it is an addi* 
Ifonal safeguard if Winchester bottles of concentrated acids are kept 
in buckets or dust-bins surrounded by sand. Bottles of iofiammable 
liquids should preferably be stored in a cool outside building. With 
large amounts, the floor should be below the external floor level to 
prevent any spilt liquid flowing outside. Chemicals which react, for 
example concentrated nitric arid and either sodium or organic 
liquids, should always be kept apart. Periodic inspection of stored 
chemicals, as well as those in use, is necessary to ensure that stoppers 
arc not blown out of bottles of inflammable liquids (e.g. diethyl ether 
and ethyl chloride), and to retjcw solutions in which sediments form 
(e.g. sodium phosphate and aromonium molybdate solutions). 

White phosphorus is kept under water and sodium and potassium 
under mineral naphtha or petrol. Care must be taken in disposing of 
these residues cither by burning the phosphorus carefully and drop- 
ping very small pieces of the sodium and potassium on water, or 
better still into methylated spirits, or by allowing them to stand in air 
in a safe and large container. None of them must be put in the waste* 
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box ot in the ank. Chemicals such as sodium peroxide and the 
pentoxids and pcnlachloridc of phosphorus should be kept in air- 
tight tins. Small bottles of substances should be used if the substance 
is likely to be affected by the frequent opening of a tin or large bottle. 
In the case of sodium hydroxide, pellets are much preferable to 
powder, Sakes or sticks. 

Further notes on chemicals , — /. The foUowiag substances must also 
be kept in wcII-stoppered bottles:— bleaching powder, iodine, 
bromine, bromine-water, hydrogen peroxide, sodium amalgam, 
platinic chloride, lead acetate and carbon disulphide. Bromine and 
platinic chloride are best kept in small sealed test-tubes, which are 
opened only when required for use. 

2. The followong should be prepared as required— aqua re^ 
(three parts concentrated hydrochloric add and one part con- 
centrate nitric add), ammonium molybdate and sodium nitro- 
prusslde solutions. Other solutions. e.g. sodium coboltinitrite, slowly 
decompose. 

S. The following should be kept in mineral naphtha or petrol: — 
sodium, potassium, iron wire aod magnesium rihboQ'-the latter 
may be ki^t in waxed paper. 

4. The following should be kept in water:— phosphorus and 
picric add. 

5. The following should be keptin adaik cupboardin a cool place: 
— ferrous sulphate, ammomum molybdate solution, ethyl icxlide, 
phenol, aniline and glycerol. 

Deliquescent and hygroscopic substances . — The relative humidity 
varies in different cUmales and affects chemicals to different extents. 
Exposure to damp air should be avoided as far as possible in the 
case of the following: — 

ammonium acetate and thio^aoate; barium chloride sulphidev 
and nitrate; bismuth salts (ereept carbonate); calcium oxide 
and chloride; edironuum sulphate; cobalt chloride and axUats; 
copper diloride and sulphate; ferrous and ferric chlorides; mag- 
nesia chloride; manganese nitrate; nickel chloride; phenol; 
platinic chloride; potassium carbonate, hydroxide and thiotyanate; 
soda-lime; sodium bromide, dichromate, hydroxide, iodide, nitrate 
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and sulplude; stannous chloride; sulphuric acid; strontium 
bromide; zinc chloride and nitrate. 

Efflorescent substances. — The following substances effloresce in dry 
climates: — ammonium carbonate; borax; magnesium sulphate; 
potassium fcrrocyamde; sodium acetate, carbonate, phosphate, 
and sulphate. 

Dangerous and expensive substances. — Concentrated mineral acids 
in Winchester bolUes; metallic sodium and potassium; potassium 
chlorate and iodide; compounds of arsenic and mercury; silver 
nitrate; carbon disulphide; cyanides; ethyl alcohol; organic liquids. 

These and any other costly or dangerous chemicals should be kept 
under lock and key. 

ileflgenrj.— Winchester quart bottles of all the common reagents 
should be kept full. Large schools may require aspirators with stop- 
cocks or large carboys. The common bench dilute reagents, such os 
acids and alkalis, should be of a uniform strength of twice normal. 
This system is the most convenient, and these bench reagents can 
be diluted by the pupils to any weaker concentration with a fair 
degree of accuracy. Special strength solutions of other reagents such 
as silver nitrate^ barium chloride, ammonium thiocyanate and 
potassium ferrocyanide should also be available. 

2N solutions of the commoner reagents. — Add the volume or weight 
given below to some water in a one*litre flask. Shake and then make 
up with water to exactly one litre. (Care is required in making up 2N 
sulphuric acid.) For larger amounts use a Winchester or carboy. 
First, iising water, And tbevolume of the container, then calculate the 
volume of chemical required and mark this volume, using water, on 
the outside of a suitable vessel by means of gummed paper or with a 
marking pencil. Taking the figures bdow, for example, for concen- 
trated nitric add and a Winchester of volume 2,500 c.c., 318 c.c. of 
the acid are first added to the marked vessel and poured into a 
Winchester halfifull of water. Water is then added to make this solu- 
tion up to the 2,500 c.c. mark on the neck of the Winchester and the 
whole shaken thoroughly. 
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3J0CX. 

NjUiC ocJd .... 

127 cx. 


107 g. 

Potassium bichromate . 

49 g. 


103 cc. 

Potasuum chromate , . 

97 g. 

Ammonium ouUite . . 

25 3 g. 

Potasuuni rcrrcc^onide . 

. 2115- 

Barium chlondc . . . 

. 122 g- 

Potassium iodutc . . . 

. 33 g. 

Calcium chloride . . . 

. 55 g. 

Potassium penrungatute 

• 3 g. 

Cobalt nitrate . . . 

. W5g. 

Potassium thioc>'aiule . 


Ferric chtoride . . . 

. 90g. 

Sihcr nitrate .... 

. 34g. 

Ferrous sulphate . . . 

. 20g. 

Sodium hydroxide . . 

SOJ. 

Hydrochloric acid . . 

. 200ce. 

Sodium phosphate . . 


hlercuric chloride . . 

. 276. 

Sulphuric acid . . • 

. !6cx. 


Slaked li/ne should be added to a Winchester of distilled water, so 
that a supply of iinic unter >s always at band. Distilled water must 
also be stored in large amounts if there is no still in the laboratory. 
Ccnain solutions such as sodium thiosulphate, ferrous sulphate, 
starch and potassium ferric^anide must be made up just befom they 
are required, since they are unstable. Winchester bottles of standard 
solutions of acids, alkalis and potassium permanganate will be 
required for volumetric analysis. Jt is also convenient to have large 
volumes of saturated solutions of copper sulphate, ferric chloride, 
potassium permanganate, potassium dichromate, lead acetate, indi> 
cators, etc., made up for use with large classes. These can be diluted 
when required and then kept in reagent bottles or in large numbers 
of medicine bottles. The latter arc recommended on the score of 
economy and case of storing. 

Storage and care of equipment 

Adequate supplies of corks, bungs, rubber tubing, and hard and soft 
glass tubing and test-tubes must always be at hand. These enable the 
teacher to improvise most types of apparatus at short notice. Hard 
glass tcsi-tub« can, for example, be used* instead of flasks for the 
preparation of oxygen, and boiling tubes can be used to prepare 
sulphur dioxide and hydrogen. The composition of gases such as 
hydrogen chloride and sulphur dioxide can be determined by using 
test-tubes with the necessary fittings. Other experiments arc given in 
Chapter VIIl, where the advantages of unit pieces of glass tubing are 
discussed. Burettes can be joined by rubber tubing and used as a 
substitute for Hcmpel’s burettes (sec Figure 12) in equivalent weight 
determinatioas. 

Much time and money can be saved by designing stands to hold 
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and store metal and glass apparatus and equipment. Large tripods 
and retort stands should always be put in the same place— one useful 
method is to hang them in a row 
upside-down on wire suspended 
underneath side benches or on 
strips of wood screwed underneath 
the side benches. Bunsen burners, 
filter and retort stands may be 
stored inasimilarmanner. Burettes 
and pipettes may be stored ver* 
lically in stands made in the wood* 
work room from two circular flat 
pieces of wood pierced with holes 
of the correct siae and Joined ver- 
tically bya length of wood through 
the centre of the circles of wood; 
the vertical piece also serves as a handle (Figure 1 3 (o)). Alternatively, 
pipettes and Jong glass tubing and rod may be stored horizontally, on 
shelves or in drawers, in grooves of wood running at right angles to the 



FIGURE 12.— llte measurunent 
of the volume of a gas (with a 
substitute for Hempet's burette) 



ih) 


ta) 


(C) 

FIGURE 13.— Homc'inade equipment: 

(o) A pipette, or burette, stand (vertic^ 

(j>) and (e) Horizontal stands for glau tubes (as seen from the ends) 



glass (Figures 13 (i) and (c)). Saad-tra^ may be kept in large biscuit- 
tins and sand In a bucket. Test-tube and burette brushes should be 
hung near the sinks. 

Rubber tubing is best kept coiled in cool dark drawers. 
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Tbennometcrs are best kept in thdr labelled cas^ in tins packed 
wth cotton-wooL 

Flat trays tvfaicb slide into cupboards or cabinets arc most useful 
to store «ts of apparatus, which may be lifted out as required- 
These arc spedally useful for sets of magitets, crucibles and crudble 
lids, crucible toags, dcfla^ting spoons and beakers. Iron retort 
stands, tripods, clamps, bosses and rings should be thoroughly 
cleaned and painted regularly with aluminium paint (although con- 
dderatioa might be given to buying stainless steel or alunu'nium 
alloy stands). 

If the laboratory is already well stocked, the teacher might con- 
sider the possibility of gradually acquiring larger and more expensive 
pieces of apparatus. In addition, specimen bottles containing samples 
should be collected. These might include the commoner ores, rare 
elemwils and compounds, and a range of well-shaped crystals. 

Schools without a laboratory assistant or steward . — The case of the 
Chemistry teacher v. ho is expected to look aAer the laboratory vdth- 
out any help provides complications. He should try to have his time- 
table arranged so that two parallel classes follow each other. This 
means that the same instructions, chemicals and apparatus can be 
used by each class. It will be ueocssaiy for the teacher to give up part 
of Us interval or break, and devote time before and after school to 
preparing the material and setting up the apparatus. Fortunately, 
there are always boys aud ^Is willing to help during these times. 
The best method is to appoint from each dass two prefects or 
monitors, who come into the laboratory a few minutes before the 
lesson begins. Two other senior monitors mi^t also be appointed to 
supervise the form monitors. Their duties should be to fill up the 
reagent bottles and place any special apparatus on the benches. 
Small samples of chemicals should be put out in watcu-gmses or on 
pieces of paper. Sheets of glazed paper from old magazines or cxer- 
cise-books should be cui. neatly into quarters and dtber suspended 
by loops of string or stored in gman boxes so that they are always 
available. Ttiey should always be used, for the purp^ae mentioned, 
in preference to more expensive filter-papers. In this way, pupils 
have most of what they need before them, and much tima is saved 
at the beginning of the lesson. Where solutions are required in very 
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small amounts they may be absorbed in strips of blotting-paper; for 
example blotting-paper may be dipped in solutions of lead acetate, 
arsenic chloride and bismuth nitrate when experimenting with 
hydrogen sulphide. These strips are easy to distribute, easy to handle 
and also give satisfactory results. 

Sulphur dioxide may be tested with litmus, potassium iodide, 
potassium permanganate and potassium bichromate solutions 
absorbed in blotting-paper: glowing siring may be substituted for 
wooden splints in testing for oxygen or nitrous oxide. Small waste- 
boxes made from wood and lined with lead sheet or painted with 
bituminous paint, or even painted metal waste-boxes, should be 
placed at the end of each tench and emptied periodically by the 
pupils into larger waste-boxes kept in convenient places. Suitable 
sizes are length 12 inches, width 8 inches, depth 8 inches, and simple 
wooden or rope handles arc an advantage. The corks and rubber 
bungs should be kept in separate compartments of drawers accord- 
ing to size. It is useful to have one sample of each screwed on to 
a board, with the appropriate size listed under each for reference 
purposes. 

. The teacher should have reagent bottles and chemicals in common 
use near at hand, and should keep a stock of apparatus in his own 
locker. Flasks can be kept fitted up ready for use. Apparatus which 
is required only occosio^ly, but which is diAicult to set up, may be 
stored in cupboards. For example, the model used for the lead- 
chamber process in the manufacture of sulphuric acid should be 
always available. If there is a fume-cupboard near, and an electric 
plug on the side of the bench, much of the teacher's time is saved. It 
is also wortJi while designing special stands for storing a large variety 
of ^ass apparatus and similar essentials. Devices of this type, an 
adequate stock of chemicals, a large supply of solutions of the 
reagents, and a well-arranged time-table are the essential time- 
savers. 

Schools with a laboratory assistant or steward. — It is unnecessary to 
stress the need for a full-time laboratory assistant or steward in 
school laboratories. Unfortunaldy trained assistants arc often un- 
available, and less efficient alternatives, cilbet untrained adolescents 
or even pupils from the school, must te employed. 
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The chief duties of a laboraloiy asastant include the following, but 
be is expected to help at all Umes when required: — 

1. Keeping benches and laboratory clean and tidy. Cleaning and 
drying glassware and cleaning out the sinks and drainage systems. 
Emptying main waste-boxes daily. Supervision of water-still and 
fumaKs. 

2. Oiling benches with linseed oil and turpentine, or ironing in 
wax. Polishing benches. 

i. Drafting orders for chemicals and apparatus, checking supplies 
as they arrive, stock-taking. 

4. Preparation of standard solutions for volumetric analysis, mix- 
tures foe analysis, stock-solutions for reagent bottles, 
d. Keeping reagent bottles full. 

6. Setting up apparatus foe demonstrations and class experiments. 

7. Repladng rubber tubing in burettes and aspirators. Greasing 
glass stoppers. 

8. Repladng loose or damaged labels on shelves, cupboards and 
bottles. Covering labels with vamisb or wax. 

9. Keeping reagent bottles and chemicals in their correct places. 

10. Periodic cleaning of metal stands, balance-pans, tongs, 
crucibles. Painting retort stands and Iwxjuering balance pans. 

U. Keeping the first-aid box replenished and keeping record of 
aeddents and ireatmenL 

12. Repairing glassware and apparatus; making and mending 
wood and metal stands. 

Ji. Helping with projection of film-strips or films, 

14. Ensuring that the laboratory is left safe at m'ght All Bunsen 
burners should be turned out, electridiy and gas turned oS, and no 
water taps left dripping. 

15. Periodic checking of chemistry books in library and reference 
books in laboratory. 

16. Making diagrams and charts; acting as demonstrator (depend- 
ing on abilities^. 

The pupils' benches and drawers. — A well-arranged advanced 
laboratory must have a systematic arrangement of lockers and 
drawers. Laboratories arc not always conveniently built for the large 
classes which have to be taught Uwe, and the supplies of apparatus 
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are often insufficient. With elementary pupils it is advisable to keep 
all the apparatus cither (a) on the floor— retort stands, filter stands, 
tripods, sand-trays and wire gauze in large tins, etc., or (6) on low 
open shelves — beakers, funnels, evaporating basins, test-tubes, etc. 
The pupils should be trained to collect the apparatus required, use it, 
clean it and return it to exactly (he same place. A better method is to 
use a laboratory wall-bench to store the apparatus and to keep the 
floor free. 

With advanced students each locker should be stocked with sup- 
plies for one student. The following should be supplied as a mini- 
mum: — test-tube rack (or improvised stand), three test-tubes (two 
S-inch and one 4*inch), one evaporating basin, a test-tube brush, one 
small beaker, a Bunsen burner, a flame-steadter or wind-shield, a 
sheet of asbestos, a string duster or swab, Bunsen tubing, a retort 
clamp and ring, a wire gauze, crucible tongs, unit glass fitting for 
test-tubes (see Chapter VIII), a tripod, a burette stand, a retort stand, 
a piece of glass rod, a filter-funnel and a piece of glass tubing. 

One teacher suggests tJtat a tray 15 incites by 11 inches should be 
used to carry much of this apparatus. Wooden pegs carry the test- 
tubes, beakers and flasks, and small compartments hold the crucible, 
crucible tongs, glass tubing, Bunsen burner and tubing, etc. 

Pupils should know the proper place for storing other apparatus 
not kept in their lockers. It is also uUful to have a labelled plan of the 
laboratory on (he notice-board showing the positions of laboratory 
stocks, in addition to having clear labelling on shelves and cupboards. 

Flasks, condensers, beakers, graduated cylinders and flasks, etc., 
should be stored in cupboards, and reagent bottles on shelves at the 
end of each bench — the concentrated acids standing in shallow 
porcelain troughs. Dottles of chemicals and the more expensive 
apparatus should be kept separately in the store-room. 

More advanced students will require additional equipment, includ- 
ing 6-inch by I-inch boiling tubes, burette (50 c.c.), pipettes (10 and 
25 c.a), burette brush, plalinuin wire, wash-bottle, mouth-blowpipe, 
charcoal block, ignition tubes, sand-tray, 2-inch watch-glass, and 
additional beakers and test-tubes. The student must be responsible 
for breakages and the cleaning of the apparatus. Deliberate dis- 
obedience and careless handling of apparatus should be dealt with 
severely. The rules of the school will decide to a large extent how 
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this is to be done. PajTDenl of the ihhole, or part» of the cost should 
be toads, ot the article should be replaced by an equiv'alcat value in 
some useful commodity such as matches or medicine bottles. The 
culprit might help clean up the laboratory; or, in a flagrant case, 
should be prohibited from doing experiments for a time. 


Improrisaiion and suhstituies 

Chemistry students should be trained to be economical in the use of 
to hnpToyisc by using scrap materials, and to provide 
cSdeni cheap substitutes for expenrive equipment. 

With junior enamelled beakers or suitable bottles should be 
used Instead of beakcTS ttbenever possible htcdicine bottles 
may often be substituted for flasks or for reagent bottles. They are 
excellent for packing in cupboards. They should be labelled and 
filled, for example, with solutions of litmus, methyl orange, phenol- 
pbthaldn, copper sulphate, potassium dkhromate, potassium per- 
manganate, and ferric chloride. Medicine bottles may be used in 
estimating the hardness of different ^pes of water, or to collect fil- 
trates, with a piece of glass rod or matchstick between the neck and 
the funnel to allow air to escape. Earthenware ju^ may be used to 
cany lar^ volumes of water, or dilute solutions, and are preferable 
to large beakers, especially for making up solutions of mineral adds 
and alkalis. Wooden pegs with strings or lamp-shade clips are excel- 
leor substitutes for test-tube holders, although a folded piece of thick 
paper is the most satisfaaory. Small glass jars, or containers of pbar- 
macsutkal products, may substituted for watch-glasses to hold 
small volumes of liquids or small amounts of sdids. 

Some home-made apparaius . — It is possible in advanced communities 
for an amateur dieoust to obtain some of his supplies from home, 
and this fact should be pointed out to him. These supplies include 
washing soda, baking soda, tartaric add, vine^, limff. whiting, 
household ammonia, sal ammoniac, Epsom salt and Glauber’s salt. 
A few substa nc es, particularly the dilute s>nAf and sodium blsulphate 
(used as a substitute for sulphuric add), must be bought from tlm 
pharmaast’s shop. Fortunately, there are a few simply wriiieo books 
» to advise the begiancr about experiments arid purchases. 
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As cost is the primary consideratiofl to most pupils, they contrive 
to make their own apparatus or to adapt kitchen utensils to their 
needs. Ingenious methods of heating are devised, such as fixing up a 
gas-burner with a tin base, or making an apparatus similar to that 
shown in Figure 6. Efficient spatulas or 'measures' are made from 
old rulers fashioned into the desired shape, or discarded small spoons 
are used. Platinum wires are replaced by lead pencils, or by silica 
rods from gas-mantles. Jars which have held jam, or other preserves, 
arc used for bell-jars, and wide-mouthed bottles as gas-jars and 
flasks. The bowl of a clay pipe serves as a small retort. Old table- 
spoons or shaped local clay makegood substitutes for crucibles, and 
pill-boxes for storing samples can be bought cheaply. A bottle can be 
cut so that the base serves as a beaker and the top as a substitute for 
a funnel. The metal tops of worn-out cicctric-llght bulbs can be 
removed and the glass bulbs used as flasks; or, by careful heating, 
their bases can be flattened so that they serve as beakers. A plant pot 
can be cut with an old hacksaw so that the bottom part acts as a 
beehive shelf, and a tripod can be made by cutting a tin which has 
pressed sides. In fact, almost every type of apparatus can be replaced 
by an adequate, if unconventional, improvised substitute. 

Taking the above remarks into consideration, it is apparent that 
the study of Chemistry at home should be given encouragement. 
Pupils are provided with a hobby, their knowledge of school work 
is extended, and their experimental technique is developed. 

fmproviicd apparatus . — Solubility experiments can he improvised by 
using a large painted tin as a substitute for a thermostat, and having 
wooden or metal vanes driven by a water turbine. Several vanes are 
cut out and riveted on to a small <^Undricat tin. This is carefully 
balanced and supported on an axle, and the whole enclosed in a tin 
or wooden box. A jet of water from a drawn-out piece of glass tubing 
strikes the vanes. The turbine can be suitably geared by the help of 
a few small wheels such as parts from 'Meccano* sets or other con- 
structional toys. Some boys have a pft for making apparatus of 
this iyps. 

Useful retort stands can be made from wood with a fire-proof 
coaling, or from ‘Meccano* parts. Indeed, tripods, test-tube holders 
and mechanical stirrers and shakers can all be built up from 
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‘Meccano’ parts. In schools whidi possess metal- and wood-work 
rooms, numerous pieces of apparatus can be made if the necessary 
correlation can be arranged. Burette stands can be turned, test-tube 
racks of all sizes can be made (see Figure 14 (o)), wire can be bent to 

7 h-ck'wtr* I 
Cs'^toord O' f'vcitA ftov , 

wiUt frof<t e/>*^ I v) 

(a) 

FIGURE 14 .— More bome-made equipment; 

(а) A Icst'tube tack (made Itom a box) 

(б) A test-tube holder (made from v>ire) 

serve as test-tube holders (see Figure 14 (6)), and filtering stands and 
deflagrating spoons can be fashioned. Excellent combined test-tube 
racks and beehive shelves (sec Figure 15), and small retort stands 

»aj 

i^L 

ih Ki 

FIGURE 15.— A piece of home-made apparatus, for use as: 

(a) A test-tube stand 
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{b) A tiller stand 
(c) A beehive shelf 
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with adjustable clamps, can be made from sheet metal. A pipe<lay 
triangle can be made from a clay pipe-stem and wire; a blowpipe 
from a clay pipe, cork and piece of ^ass tubing. 

Sturdy cooking vessels and disused tins may be used instead of the 
more usual apparatus. Tins may replace beakers or water-baths when 
flasks Of test-tubes have to be surrounded by boiling water for heat- 
ing inflammable liquids, c.g. in making soap from s^ium hydroxide 
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(a) (i) 

FIGURE I7.~0ther impfoviutions: 

(a) For a filler-fuancl support (6) For a cnadble holder, etc. 



FIG U R E 18.— UncoAwntional apparatus for exptrimtrtts: 

(a) To show that water contains dissolved air 

(b) To shew the ciTect of carbon dioxide on burning candles 
(e) To find the percentage volume of oxygen in the air 
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FIGURE 19. — l^Ke unusual apparatus: 

(a) To show hydrogen bunUng in a air supply 

(b) To show that plants evolve o:^gen in sunlight 
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often prove disappointing. Some may give the proportions, but very 
few give exact details of the weights of the reactants. ‘Use a few 
grams’, ‘Cover the bottom of the flask’, 'One-third fill a small flask’, 
are common descriptions of the amounts to be used. The young 
teacher should avoid issuing such indefinite instructions. 

Calculation of quantities to be used . — It is worth while setting 
problems of the follow ing type to be discussed with more advanced 
pupils. Tbry can calculate the volume of oxygen liberated from one 
gram of potassium chlorate and a iitUe manganese dioxide, at room 
temperature and p^sure. If necessary, students can consider the 
percentage purity of the potassium chlorate or the likelihood of 
securing a theoretical yaeld from it More complicated questions on 
the formation of potassium permanganate and the solubUiQ' of the 
evolved oxygen in water may also be discussed. The main considera- 
tion should deal with the volume of oxygen required for specific tests. 
To illustrate this point, suppose the demonstration requires suflident 
oxygen to fill five 200-c.c. gas-jars and five 50-c.c. test-lubes. The 
minimum volume of oxygen required Is 1,250 c-c,, but some allow- 
ance must be made for displacement of air, leakage and other losses. 
One gram of potassium chlorate liberates 275 e.c. of oxygen at 
S.T.P., therefore 4-56 g. of potassium chlorate will liberate 1 ,250 C.C. 
of Oxygen at S.T.P. Thus, roughly 6 g. are required under these con- 
ditions to moke allowance for losses and for varlatioos In tempera- 
ture and pressure. It is an instnicUve exercise for pupils to compare 
the amounts recommended in text-books with the quantities calcu- 
lated as above. 

The pupdls can extend their investigations to the preparation of 
other gases. Sulphur dioxide introduces the complex action of copper 
on concentrated sulphuric add. Ammonia introduces questions of 
uring excess talcium hydroxide, and ammonium salts other than the 
chloride. A summary of the amounts of solids in whole numbers, 
which ihcorclically yield 5,000 c-c. of gas at S.T.P., is given in the 
chan. Figure 21, This volume should be sufficient for roost experi- 
msnis, but with poisonous gases it may be necessary to prepare 
smaller amounts. Approximate figures only are given to show the 
nature of the minimum w rights required, and allowance may have 
to be made for impure chemicals. 
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/. Ammonia 
2. Carbon dioxide 

•S. Carbon monoxide 
4. Chlorine 

J. H^idrochloric acid 
6. Hydrogen 

A Hydrogen sulphide 

d. Nitric oxide . 

9. Nitrogen 

/O. Nitrogen peroxide 

U. Nitrous oxide 
12. Oxygen . 

2J. SuJphur 'dioxide 


. X g. ammonium chloride. 

!0g. sLled ii/iic. 

. 14 g. calcium carbonate, cover with water. 

ID g. hydrochloric acid (JO c.c. conccn- 
tratedj. 

. 13 g. oxalic acid (or 7 g. formic acid). 

14 g. sulphtircc acid (9 c-c. concentrated). 

. 12 g. man^nese dioxide (or 9 g. potas* 
Slum pc/m-inganaJc). 

21 g. hydrochloric acid (63 c.c. concen- 
trated). 

. 8 g. sodium chloride. 

14 g. sulphuric acid (9 c.c. concentrated). 

, 9 g. zmc. 

14 g. sulphuric acid (9 c.c. concentrated 
in 80 C.C. water). 

. 12 g- feetout sulphide, cover uiih water. 

10 g. hydrochtonc acid (30 c.c- conccn- 
trated). 

. 13 g. copper. 

34 g. nitric acid (38 c.c. concentrated in 
40C.C. water). 

. 10 g. sodium nitrite. 

$ g. ammonium chloride with 30 c.e. 
water. 

. Sg.copperwith 17g.nitricae!d(19c.e. 
coftccnlra(ed). 
or 23 g. lead nitrate. 

. 12 g. sodium niinte. 

9 g. ammonium sulphate. 

. I2g. potassium chlorate. 

3 g. manganese dioxide. 

. 9 g. copper. 

27 g. sulphuric arid (18 c.c. concentrated). 


FIGURE 21,— Chart showing quantities of materials required for the 
preparation of 3,000 cx. of (he common gases. 


Tfie approxirnale amounts of chemicals tkeoreiically required to yield 
3 litres of a gas at S.T.P. — The pupils must rtsalizc that the quanii- 
Ucs ^ven above are calculated from the equations. The figures arc 
provided in order to give some idea of the amounts tbeorelicaliy 
required, but in practice larger quantities must always be used. The 
reasons for increasing the amounts are many;— 

There are always losses owing to the need for displacing air from 
the apparatus, and to loss of the gas. Other factors which may make 
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for decreased yields will occur to the teacher. For example, when 
solids are heated in glass vessels it is usually impossible to complete 
the reaction and obtain quantitative results. Similarly, mixtures of 
liquids and solids cannot be heated enough to leave the dry mass 
necessary for maximum yields. 

In the preparation of hydrogen it is obvious that, as the action 
proceeds, the amount of add, and therefore the rate of the reaction, 
decreases to such an extent that the gas is finally evolved far too 
slowly for practical purposes. 

Again, the reaction between concentrated hydrochloric acid and 
manganese dioxide proceeds slowly afier the initial action, and 
chlorine continues to be evolved for nearly an hour after the begin- 
ning of the experiment. In order to speed up the formation of a gas 
in such a reaction, it is essential to add a larger quantity of one of the 
reagents. 

In preparing sulphur dioxide, other substances, notably the sul- 
phides of copper, form besides those represented in the usual equa- 
tion. In preparing nitrous oxide, in order that an explosion may be 
avoided, all the ammonium nitrate must not be decomposed. Twice 
as much of the substaoce as is theoretically required is therefore used. 

It is thus seen that molecular proportions of the chemicals are 
rarely used in the preparation of the commoner gases, and that it is 
advisable to add an excess of one constituent. In practice it is usual 
to place rather more than the calculated amount of the solids in the 
apparatus, and also, where necessary, excess liquid is added as 
required. 

It is necessary for the teacher to keep a record of the quantities of 
the reactants which experience shows arc most suitable for good 
results. 

Amomis of substances required for other experiments . — la addition 
to the preparation of gases disused above, other experiments are 
improved by using specific amounts of chemicals. The pupil must be 
told the weights of substances required for experiments on the pre- 
paration of sodium hydroxide (from sodium carbonate and excess 
calcium hydroxide) and of sodium bicarbonate (from sodium 
chloride, ammonia and carbon dioxide). Other quantitative experi- 
ments which are often spoiled because unsuitable quantiUes are used 



ORGANIZATION OF THE SCHOOL LABORATORY 107 

include the determinalion of ifce percentage of carbon dioxide in 
calcium carbonate (see Figure 22), of water of ciysialUzation in 
hydrated salts, and of oxygen in potassium chlorate. Pupils using 
abnormally large amounts are unable to complete the experiment in 
one practical lesson. In other cases an analysis may be worthless if 
excess of one substance is not used, and pupils should be shown how 
to calculate, for example, the quantity of standard sodium hydroxide 
required, not only to decompose a luiown amount of ammonium 
chloride, but to be sufficient for back-titration with standard add. 

In preparing salts the instruc- 
tions are simpler, as 2S c.c. of the 
twice normal solutions of the bench 
reagents ore usually suitable. Titra- 
tion methods are used in neutral- 
izing acids by alkalis. Metals and 
solid bases are added until they are 
in excess. This section could be 
extended and pupils asked to work 
out problems on similar lines to the 
above or the following: 

(c) Weights of sodium chloride 
and coflccntrated sulphuric acid 
required to form 10 litres of normal 
hydrochloric acid solution. 

(b) The weight of carbon re- 
quirodtodetermine the composition of carbon dioxide, using 150 c.c. 
of oxygen, 

(c) The volumes of oxygen and hydrogen required to give 5 c.c. of 
water. 

Unless special mention is made of the need for comparing prac- 
tical results with the theoretical results calculated from equations, 
many pupils will fail to see the connexion between the two. 

General rules for preparing substances . — Pupils should not be ex- 
pected to learn the exact weights of chemicals required for the 
preparation of most substances. When such details are asked for, 
the pupils shpuld cither use reference books or be able to calculate 
the weights and volumes required. 



FIGURE 22. — Apparatus for 
finding the percentage by weiefat 
of earboa dioxide in chalk. The 
carbon dioxide must b« replaced 
by air before the weighiog 
because (he apparatus ori^aUy 
contained air 
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( 0 ) Kipp-s apparatus or . y„ „ec1c and is therefore 
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oxide, hydrogen sulphide and nitrogen d, oxide. ^ 
have been completed, the teacher should prevent excess 
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liberated by causing Uicm to be passed through defivery-iubcs into 
suitable absorbents, since forty to fifty gas-jars of chlorine, for in- 
stance, in an average-size laboratoty may be really dangerous. Pupils 
should be warned about breathing excessive amounts of dangerous 
gases, and where insufficient fume-cupboards exist, chemical treat- 
ment must be used to absorb the gases. After the preparation of 
chlorine in a class experiment, for example, a little sodium hydroxide 
solution should be poured into each gas-jar, and this should be well 
shaken and waslied out. Sinks should be similarly treated. 

Hydrogen sulphide should be absorbed in a solution of copper sul- 
phate, and carbon monoxide in alkaline pyrogallol. It is often prefer- 
able to use a solution of hydrogen sulphide in water rather than to 
prepare the gas itself. It should be pointed out to pupils that the 
following parts of gas in 1,000 parts of air cause poisoning and per- 
haps death: — hydrogen sulphide I. carbon monoxide 20, phos- 
phine 20. Nitrogen dioxide and hydrogen sulphide are as dangerous 
as hydrogen cyanide (prussic acid). Such precautions keep the 
laboratory free from excessive amounts of dangerous gases, Jn 
tropical countries the laboratory often has a verandah, on which the 
poisonous gases can be prepar^. 

Tht cost of experUneMs. — Another factor to be considered is the cost 
of materials. If pupils use five times the amount actually necessary 
(and the figure is often higher) there is much needless waste of 
material; and wasteful habits are always to be condemned. With 
some substances, notably mercuric oxide and mercury salts, iodides, 
cobalt nitrate, and silver salts, (here is an appreciable monetary loss. 
It should help pupils to be careful if they are told, for example, that 
potassium iodide costs is. and silver nitrate 4s. 4J. per ounce.^ 

The teacher must consider the reason for using specific chemicals 
in school laboratories. The cheapest chemicals with the necessary 
properties should be used. Tliese arc usually soluble in water or they 
contain a specific radical. Thus, whenever salts or hydroxides are 
required, the soluble ammonium, sodium or potassium compounds 
are used. 

Much instructive information about prices can be obtained from 

* When mentioning prices, a teacher should tiy to quote those that the school 
has to pay ai the particular time. TJiepricesfnr/r arc </»// cxir/ipti.'s. 
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a catalogue. Sodium chloride at \s, Sd. per lb. is cheaper than 
potassium chloride at 2s. Sd. per lb., when a chloride is required. 
The former contains 6l per cent, and the latter 48 per cent, of 
chlorine. 

Sodium salts are usually cheaper than potassium salts, but there 
are a few exceptions, notably sodium tfaiocj'anate, sodium iodide and 
sodiiun permanganate, which are more expensive than the corre- 
sponding potassium salts. Again, potassium nitrate may be used in 
laboratories rather than sodium nitrate, although it is more expen- 
sive and contains a smaller percentage of the nitrate radical ; — this is 
because impure sodium nitrate is hygroscopic, but it can now be 
obtained in a non*hygroscopic stale. Pupils may be surprised to find 
that magnesium ribbon costs 2&r. per lb., or that sodium costs 
4j, 6d. per lb. The physical state — powder, wire, foil and ribbon— 
and the relative purity also delermlne the cost of chemicals, and 
teachers should only use the kind required. Pure chemicals arc not 
o^en used in school qualiutive experiments, and the e^tra cost for 
pure reagents may be quite unnecessary. For example, commercial 
granulated zinc may be listed, perhaps, at 3r. 2d. per lb. and pure 
granulated zinc at As. 6d. per lb. Other forms of this metal are :~dust 
at Ir. 7d.; sticks (commerda!) at 2s. 5d.; foil at 3r. 2d.; granulated 
(arsenic free) at Sr. Od.; slicks (arsenic free) at Ss. 6d.; sticks (chemi- 
cally pure) at 4r. per pound. Foil and turmnp axe often economical 
for icsMubc work because they are light in weight for their reacting 
surfaces. Supplies of each kind required should be kept in stock so 
that an expensive form will no! have to be used when a cheaper one 
will suffice. 

In more advanced experiments, especially in Organic Chemistry, 
the students ihemselves ought to be able to calculate the amounts of 
substances required to prepare substances such as ethyl chloride, 
nitrobenzene, m-diniirobenrcne, acetanilide, etc., and to note the 
reasons for using excess of one substance. (The actual weighis of pure 
subsunccs obtained, relative to the weights of substances which 
theoretically ought to be formed, give the percentage yields.) 

Jo addition to the price of chemicals, it is necessary to bear in mind 
that pupils need help in deciding on the size and type of apparatus 
required. The use of large flaslu may mean that Uicre is not only 
a w astc of chemicals, but that, if a breakage occurs, more expend is 
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entailed. Similarly, it is important Utat junior pupils should not be 
allowed to use expensive and sensitive balances, thermometers and 
measuring instruments, when cheaper and more suitable ones arc 
available. Senior students, on the other hand, are often greatly 
handicapped by lack of a really good balance. Very accurate quanti- 
tative work could be done in schools— and time saved thereby at the 
universities — if a lirst-ratc balance and some analytically pure 
chemicals were available. 

The question of glassware, such as the advisability of ordering 
resistance types in preference to cheaper varieties, is discussed latcr. 

It is otten much cheaper to buy apparatus in large quantities; for 
example, test-tubes by the gross and takers and crucibles in dozens. 
Crude common salt may be bought in a shop or market, red lead 
from the paint-shop, and quicklime and plaster of Paris from the 
builder: all quite suitable for many purposes in the laboratory. 
Good quality porcelain and glassware, however, is always preferable 
to cheap varieties. The diameter of glass tubing, thermometers and 
separating funnel stems should, whenever possible, be the same; and 
rubber tubing of appropriate sizes, and rubber bungs with suitable 
holes, should be kept in stock to avoid unnecessary delay. Tlie grade 
of chemicals ordered depends on their uses, but ‘pure* rather than 
'commercial* quality should be bought, while for more advanced 
work chemicals of ‘analytical* purity arc necessary. A compro- 
mise should be made between the costs of the different grades, the 
amounts required, and the particular uses of the experimenter. 
School laboratories cannot always carry stocks of several grades of 
each substance. 

Laboratory rules for pupils {to be obeyed ut school and at home) 
Danger. — 1. Never use sodium, potassium, phosphorus or concen- 
trated acids unless specially instructed. (All of lljesc should be kept in 
a locked cupboard.) 

2. Prevent outbreaks of fire. Do not pul glowing pieces of wood 
or paper in the waste-box. Sec that the Bunsen burner do« not 
'burn back*. 

J. Read the first-aid nou'cc. If adds or alkalis gel on your bands, 
clothes or bench, immediately wash with plenty of water, and then 
neutralize. 
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4. Do not taste chemicals without permission. 

5. Do not mix chemicals aimlessly, nor carry out any experiments 
other than those definitely described by the instructions. 

6. No apparatus or chemicals must be taken out of the laboratory. 

Cleanlutess. — 1. Pour liquids only, never solids, down the sink. 

2. Put all papers and solids in the waste-boxes. 

3. Wipe down your bench and leave It clean and dry. Put the 
duster to dry. 

4. Clean the apparatus you have used and replace everything in its 
proper place. 

5. Replace the stool underneath the bench. 

Expense. — 1. Use the mimmum amounts of substances. 

2. Do not light the Bunsen burner, or other source of beat (or 
light), before it is necessary. Turn it off when no longer required. 

3. Turn oft the water-tap when not required. 

4. Avoid waste of all kinds. 

The efficient Chemist (notice to be displayed conspicuously in the 
laboratory). — /. His apparatus is neatly arranged on a clean bench. 

2. He docs not lay the stopper of the reagent bottle on the bench, 
but replaces it after use. 

3. His test-tube is pointed away from himself and others in the 
laboratory. 

4. Hls apparatus and locker are kept clean and tidy. 

5. He latwis anything which has to be put on one side to await 
further use. 

6. He heals a vessel below the liquid level, and with care. 

7. He not only reads the cuttings on the notice-board, but is on 
the look-out for information from every possible source. 

8. fie records all observations, measurements, weighings and 
results. 

9. He disposes of wastematciiab (phosphorus, sodium, potassium, 
carbon disulphide, concentrated acids, etc.) with care. 

10. He replaces reagent bottles and apparatus in their proper 
places. 

11. He uses fume-cupboards lo prevent the escape of poisonous 
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or unpleasant gases and vapours into the laboratory, and to avoid 
accidents from dangerous expeiimeots. 

12, He takes cate to avoid breakages in apparatus: e.g. by not 
leaving pipettes sticking out from tlic beucli. 

Tire prccauiio/is 

]. Take especial care with explosive rcactiojis and inflammable 
substances. 

2. Have regular flrc-drills and, if possible, seek the advice of the 
local chief of the Fire Services. 

i. Turn off main gas and electricity supplies at night, or if an 
accident occurs. 

4, Keep the laboratory locked when not in use. Keep duplicate 
keys outside tlie laboratory in a glass*fronted cupboard (in case the 
originals arc lost). 

5. Test the fire extinguishers regulariy (see page 114). 

6. Keep buckets of sand for fires of organic substances. (The 
buckets should not be too heavy for pupils to lift.) 

7, Have flre'proofcd woollen blankets or asbestos blankets ready 
for immediate use in the laboratory. 

S. Have strong glass screens for dangerous demonstrations. 

P. Avoid contact of oxygen cylinder valves \viih oil or grease, and 
keep the cylinders upright in thrir stand. 

/d.Useasbestosshectingoabencb.andfiexible metal Bunsen tubing 
rather tlian rubber tubing, if there is risk of exposure to much heat. 

11. Heat inflammable liquids only in round-bottom flasks on. hot- 
water or steam baths. Never use naked flames. Carry out the experi- 
ment in a fume-cupboard or with special precautions. 

12. Keep only small amounts of inflammable liquids in the 
laboratory, and dispose of waste liquids with care. (Cirbon disul- 
phide may become ignited by an electric bulb or steam pipe, and 
diethyl ether by a hot-plate.) 

13. DonotdropHghtcdmatchcs,sodium,potassiumor phosphorus 
into waste-boxes, and donot leave thesesolids in lockers or on benches. 

14. Take care that a large round flask does not act as a lens when 
the sun's rays fall on it, as this may cause fire. 

15. Isolate a small fire by smtable treatment: e.g. pul an asbestos 
sheet over the mouth of a flask if alcohol ignites in it. 
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Fire extinguishers.—ln additioa to a fire-proof blanket, the 
laboratory should be equipped with fire extiDguishers. The soda-add 
type is suitable for burning paper and solvents such as alcohol, but 
not for burning sodium, magnesium, live electrical circuits or 
oils that float on water. The foam type is suitable for burning oils, 
and the carbon tetrachloride type for live electrical circuits. When the 
latter has been used the laboratory must be ventilated immediately. 

firrt-o/d ut the laboratory 

Reference should be made to Vol. VII for general information on 
first-aid in Sdence rooms. Below is ^ven an outline of first-aid treat- 
ment suitable for accidents which may occur in a Chemistry labora- 
tory. The list is a long one, but a young teacher should note that 
most of the items are included as a warning. With carefully-trained 
pupils, avoidance of unnecessarily dangerous experiments, emphasis 
on the need to avoid pollution of the laboratory atmosphere, 
routine checking of apparatus and equipment to avoid blocked 
tubes, and ensuring that joints are air-tight and the apparatus cor- 
rectly used, accidents should be rare. The number of serious acci- 
dents pccurring in a well-run Chcroistiy laboratory is negligible, but 
ii is wise to keep particulars of even minor injuries. Serious cases 
should receive prompt attenuon from a doctor. When in doubt, it is 
wise to send the injured pupil to the doctor. It should be remembered 
that a teacher of Chemistry is only expected to give first-aid treat- 
ment, but this should be given promptly and effectively. 

Bums from acid . — Either (a) put on a pad of solid sodium bi- 
carbonate, or (h) immediately run much water on to, the burn, and 
then wash with weak sodium bicarbonate or borax solution. Treat 
as a bum. 

Burns from alkali . — ^Wash with running water and then with weak 
acetic acid or lemon juice. Treat as a bum. 

Burns from bromine . — Wash with weak sodium bicarbonate solu- 
tion, then with alcohol. Dry, and treat as a bum. 

Bums from phosphorus . — ^Wash by immersioo in water. Cover with 
cotton-wool soaked in bench silver nitrate solution. Treat as a bum. 
(Send for doctor if possible.) 

Fouo/u.— The general principle should be to call a doaor immedi- 
ately after ^'ving suitable treatment as follows;—- 
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(а) for passing: remove the patient from the laboratory into fresh 
air, give hot cofTec as a stimulant, and suitable treatment as below; 

{b) toe poisotiitig: give appropriate treatment as below. In general 
(i) with corrosive poisons (indi<ated by burnt lips and mouth from 
acids, alkalis and zinc compounds), do not give emetic, but treat the 
patient will) whitc-of-egg or large quantities of milk, rice-water or 
baticy-waicr, as demulcent or emollient; (ii) with non-corrosive 
poisons give an emetic of one tablcspoonful of common salt, or one 
tcaspoonful of mustard, in a tumbler of warm water. 

(/I) Aciiis and alkalis. — (a) Concentrated hydrochloric, sulphuric, 
nitric and acetic acids. Spit out, and rinse the mouth with much 
water. If swallowed, send for a doctor and let the patient drink milk 
of magnesia, 5 per cent, sodium bicarbona te solution, or a suspension 
of calcium carbonate and demulcent. Avoid emetics or purgatives. 

(б) Oxalic acid. Neutralizcwith milk of magnesia or a suspension 
of calcium carbonate (not potassium or sodium carbonate, and do 
not give much water). For oxalates, and as emetics for oxalic add, 
use mustard or zinc sulphate. 

(e) Carbolic acid (phenol). Solutions of zinc sulphate, mustard or 
magnesium sulphate should be given as emetics, with large amounts 
of water to drink. 

(J) Strong alkalis, e.g. hydroxides of sodium, potassium or 
ammonium. Spit out and rinse tbc mouth with much water. If 
swallowed send for a doctor, and neutralize with weak solutions of 
acetic acid, citric acid, tartaric acid or lemon juice. Give demulcents, 
but avoid emetics. 

(5) Cases and vapours.— {a) Carbon monoxide (or coal-gas). Take 
the patient into fresh air. Give oxygen (if a qrlinder is available) 
mixed with air, or put a lube from a carbon dioxide generator near 
the nose. Send for a doctor. 

(4) Chlorine and bromine. Smell methylated spirits, alcohol or 
ammonia. Rinse out the mouth with sodium bicarbonate solution. 

(c) Chloroform and nitrous oxide. Keep the patient awake and 
conscious by shouting and shaking. Give stimulants and artificial 
respiration. If chloroform is swallowed, ^ve zinc sulphate emetic. 

(C) Other poisons (see list, p. 1 17).— A Iodine. Give emetics, 
large quantities of starclt ‘solution*, e.g. arrowroot, barJ<y- or rice- 
water, to drink. 
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2. Compounds of metals: 

(а) Copper compounds. Encourage vomiting, give ricc-walcr or 
white-of-egg in warm water. Give barley-water or rice-water later. 

(б) Lead compounds. Emetics, then magnesium sulphate or 
sodium sulphate. 

(c) Mercury compounds. Mustard emetic. Whitc-of-egg, rice or 
starch mixed with water. Demulcents and stimulants. 

(d) Silver compounds. Strong solution of sodium chloride, then 
mustard emetic. 

(e) Zinc compounds. No emetics, give demulcents. Large quanti- 
ties of dilute sodium carbonate solution. 

3. Arsenic compounds. Emetic of zinc sulphate or sodium chloride 
solutions. Follow by demulcents. 

4. Cyanides (including prussic acid). Apply artificial icspiratioa. 
Send for doctor. 

5. Phosphorus. 200 c.c. of 0*2 per cent, copper sulphate solution, 
and mustard emetic. 

(0) Eye iHyuriVr.— Apply treatment as below, and then take the 
patient to a doctor unless the accident is slight. After treatment, drop 
castor oil or eye-drops in the eye, and bandage to keep out the 
light. 

(e) Mechanical. Remove the foreign body by lifting the eyelid 
lightly over a matchstick so (hat (he eye can be examined. Use a 
camel-hair brush moistened with glycerine, or open the eye in warm 
water in an eyc-baih. 

(^) Alkalis. Particularly dangerous. Blow a gentle stream of a 
saturated solution of boric acid into tire eye. Then treat as above. 

(c) Acids. Blow a gentle stream of alkaline eye-wash of borax 
solution into the eye. Treat as above. 

The firsl-aid outfit . — A list of the suitable contents for a first-aid 
cupboard or box is given in Appendix £, p. 289, 

Dangerous chemicah and experiments 

A. Inflammable or explosive substances. — Hydrogen, phosphine, 
coal-gas, hydrocarbons, aluounium chloride, silver azide, silver 
nitride, carbon disulphide, phosphorus, ether, alcohols, benzene, 
acetone, picric acid, and many organic substances. These may cause 
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explosions when mixed wiilt air and ignited. Mixtures containing 
oxidizing agents such as picrates. nitrates, peroxides, chlorates and 
manganaics must always be treated with care. 

Mixtures of powdered magnesium or aluminium with sulphur or 
oxidizing agents may explode on heating. On occasions explosions 
have taken place with water and impure sodium peroxide. Carbon 
disulphide vapour, in a sink for example, may form an explosive 
mixture with air. Explosions may be caused by naked flames or elec- 


tric sparking. Dangerous chemicats should be mixed m a wooden 
mortar. If necessary an experiment should be carried out behind a 
thick glass screen using goggles and asbestos gloves. 

D. Poisonous substances . — 


Aldehydes. 

Ammonia. 

Amyl nitrite. 

Aniline and amino compounds. 
Antimony compounds. 
Arseaious oxide. 

Arsenic compounds. 

Qarium compounds. 

Bismuth salts. 

Benzene. 

Bromine. 

Dromoform. 

Carbon disulphide. 

Carbon monoxide. 

Carbon tetrachloride. 

Chlorine. 

Chloroform. 

Coal-gas. 

Copper compounds. 

Crcsols. 

Dimethyl sulphate. 

Ethers. 

Hydrogen cyanide and cyanides. 
Hydrogen sulphide. 


Iodine. 

Lead compounds. 

Mercury metal, vapour and com- 
pounds. 

Nitric acid (concentrated). 
Nitrobenzene and niiro-com* 
pounds. 

Nitrous o.xide. 

Oxalic add and oxalates. 
Termanganajes. 

Phenols. 

Phosgene. 

Phosphine. 

Phosphorus (wliilc). 

Potassium hydroxide and per- 
manganate. 

Pyridine. 

Sodium hydroxide. 

Sih-er salts. 

Sulpimr dioxide. 

Sulphuric add (concentrated), 
•fio compounds. 

Toluene. 

Zinc compounds. 


Many of the above are not ‘scheduled* as poisonous, but they 
should nevertheless be kept in locked cupboards. 



ns TEACJIING OF SECONDARY SCHOOL CiJEMlSTRY 


Various devices might be used to pres'cnt accidents with bottles of 
poisons. Red poison labels should te stuck on, the label should be 
read before and after removing the cork, or a small bell might be 
placed round the neck of the bottle, or a pin stuck in the cork. 

C. Causingburnsonskin . — Concentrated acids and alkalis, sodium, 
potassium, phosphorus, carbolic acid, hjdrofluoric acid, bromine, 
chromic acid, glacial acetic acid, and phenylhydrazine. 

Dangerous reactions, — Experienced teachers realize that pupils some- 
times obtain dangerous chemicals from external sources, and warn 
them against the use of such substances as the following, which can 
occasionally be bought from pharmaceutical chemists: phosphorus, 
oxalic acid, potassium c)'anid^ mineral acids, and the alkalis. 

Pupils occasionally aiicmpi to prepare picric acid, nitrogen iodide, 
nitfo^i'cerine and mercury fulminate without special precautions, or 
try the action of poisons on live animals. Every precaution should be 
taken to prevent pupils from securing samples of the dangerous 
chemicals mentioned, and from repeating dangerous experiments at 
home. 

Occasionally In junior work, but more often in advanced Cbemis* 
try, the following experimems may be done. A definite reference to, 
and warning of, the danger entailed should prevent dangerous 
accidents. 

1. Rubbing or wanning an oxidizing agent (such as potassium 
chlorate or potassium permanganate) with carbon, sulphur, phos- 
phorus, powdo'ed metals such as magnesium or aluminium, organic 
substances, or concentrated sulphuric add. 

Such experiments are .best omitted from pupils* individual or 
group work. Practical Cbcmisiry (cxl-books describe the precautions 
to be taken. 

Similarly, it is advisable to cany out the preparation of oxygen in 
a test-tube, with small amounts of potassium chlorateand manganese 
dioxide, before the large-scale dttnonstration is done, in case the 
manganese dioxide commits any carbon or organic substances. 

2. The pouring of water into cooccntratcd sulphuric acid, or pour- 
iag the hot concentrated acid into a wet sink, causes many serious 
accidents in the laboraioxy. 

S. The wanning of strong soludons of the ntyaii; with aluminium 
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powder, as weJJ as olLer rcaclio»5, may become vnconUoUable and 
spurt out concentrated adds or alkalis on person or bench. 

Other dangerous reactions or occurrences are: — 

4. The action of concentrated nitric acid on alcohol or turpentine, 
or the process of nitration. 

3. The burning of hydrogen or arsine (Marsh’s test) at a jet. 
(First test for the removal of air by collecting and lighting a small 
(cst'tube full.) 

d. The dropping of sodium or potassium Into water. (Always 
scrape olT the brownish incrustation, and use small amounts when 
immersing the metal under water. Even the smallest pieces some- 
times explode unaccountably.) 

7. Tile heating of ammonium nitrate. (Avoid overheating.) 

d, Reactions involving poisonous gases either in preparations or 
qualitative analysis. (See list, p. 117). (Oxalates and formates with 
concentmted sulpliurtc acid evolve carbon monoxide, and ferro- 
cyanides and dilute sulphuric acid evolve prussic acid.) 

9. The ‘sucking back’ of water in the preparation of a soluble gas, 
such as hydrochloric acid, or the blocking up of a delivery tube. 

JO. Fumes and splashing from organic substances, sucli as nitto- 
and amino-dcrivatives. 

JJ. The reaction between ammonia and chlorine. 

J2. The smouldering of a charcoal block after a reduction test. 

13. The treatment of solid alkalis with concentrated acids. 

J4. The explosion of acetylene and air, or chlorine and hydrogen. 



CHAPTER VI 


The Relative Merits of 
Individual and Demonsiiation Methods 

Boib demonstraiions by the teacher and individuai laboratory vrork 
by the pupil arc essential in teaching Chcraistry. The probJeni is to 
determine the proportion of each to be included in the course. LitUe 
accessible research v^ork has been done in this field to guide us, but 
the Americans have begun some useful work in this dirccuon. Guid- 
ing priodptes must be based on standardized tests. In these tests 
adjustments must be made for such variable factors as the type of 
pupil and teacher, the conditions of the laboiatoiy, and the subject- 
matter of the lesson. 

InJhiduaJ experiments— examples in detail 
Front 1889 onwards Professor H. E. Armstrong advocated the 
heuhstic method (see page 122) as a special individual approach, and 
its adoption brought a definite improvement in the metbe^ of teach- 
ing Science in schools. Armstrong’s method trains the pupil in initia- 
tive and develops self-reliance, good judgement and manipulative 
skill, by personal contact with apparatus and material. 

Such individual work is particularly valuable where the pupil b set 
to solve pra^cal problems which have been arranged round a cen- 
tral project. This is very often ibc case with Chemistry, which offers 
special and excellent opportunities for this 1 ) 1)0 of work. In such 
problems, the pupil’s power of observation is developed, he learns 
to bzadle matenals correctly, he alters the conditions of his experi- 
ment and notes any change, he applies the knowledge he has already 
acquired, and he reasons from the new facts. It is imposable for the 
pupil to gain the full benefits Crom a series of pracUcal experiments 
unless he is personally interested, and unless he himself sees the 
changes occurring. 

The following examples pvc statable practice in this type of indi- 
vidual work. Each series is merely outlined, and the actual instruc- 
tions given to the pupil are not reproduced. Each pu{»l carries out as 



individual and demonstration methods 
. _ 1 .^ 1 .. nf ihft series is do 
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INDIVIDUAL ANLI " 

•ui u.it fhe whole of the series is done by 
many exercises as possible, but Uie whole 

theclass. • — A~.Tiips of. and 


many exerciics aa . 

ths class. F,amincIlicpl'ys'»'P™P“‘'“°^'“"‘' 

(a) Calcium carbanalc—iccum . . ^ substances con- 

,hU«ionoflhcthr=ed,lut=mme.alMJson^v^^^^__^ 

taining calcium S sea-shells, snail-shells and stalac- 

coial, molher-of-peari, egg- ■ hardness of each. Use 

tiles or stalagmites. _ ^hjei, substances evolve most 

the three mineral acids acids and account for any 

carbon dioxide. Compare the acM " carbonate and which 
differences. Find out which *? i„ the laboratory. Explain 

acid arc best for PioP“''."S.“'^“"l„al Repeat th= I'sts for carbon 

why dilute sulphuric acid IS excepti ■ P“ 

dioxide. blowpipe a small piece of marble 

Heat strongly by means of a b o p ^ f g a„d 

susoended in a coil of nichrome wire. wi r „„ r,c 

"^incandescence. Cool- Allow on^^^-P;,[ g .bow 

powder on the palm of the han . product with wMer in 

rsrs"r:«.-.»;v»r,r;^^ 

Sldu'm"?c. “rsodfum hydrood'^ 

pouslto'Sdrolddrfcareft^^^^^^^ 

‘household ammonia , soap ^ poussium), |cai 

(containing carbonates o .fecial everyday uses and P ^ 

Describe the source of each, pc<^ note the action on indica t 

=s.x";S3;£S£irr-rr.: 

Shake and warm with fats, u n 

Note differences. . . others of the same yF» 

In all these capc'™'"^' ”MOTialionsinth=chanses,and=ar 

individual observaUons ‘2 ^The more difficult work of n 6 

ful recordlug of facts, arc c^nW);'^ and gcncralmng from 

the exeeplional rcac'ions. ^ ;„ji,iuual matter. j^j|,igaals 

"StridmattheW^^^^^^^^ in R„anttaU« 
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obtained. Thus, the percentage of carbon dioxide in calcium carbon- 
ate, problems in volumetric analysis, Uic volume of oxygen given off 
from a known weight of potassium chlomte, and the determination 
of equivalent weights, may all be detennined much more accurately 
when the average result of a class is taken. When all the figures are 
put on the board, the class can decide if an individual result is unreli- 
able. A discussion of the comparative accuracy of the average will 
emphasize the advantage of using the results of a number of indi- 
vidual experiments instead of one demonstration. The average of a 
class indicates constant errors inherent in the method. 

The outstanding value of obtaining results which depend on the 
united efforts of the whole class is shown in an experiment such as 
plotting a solubility curve. Each pupil carries out his experiment at a 
certain fixed temperature, and the final curve sununarizes and checks 
all the individual results. No satisfactory substitute for such work 
could be provided by.a demonstration. 

The heuristic method in Us elementary stages 
History . — As early as 1790, Priestley suggested that Chemistry 
should be introduced as an educational subject, ar)d that teaching 
methods should be based on investigation, so that the learners them- 
selves discovered the facts. Pcslalozzl, Locke and Rousseau were 
other pioneers who advocated similar teaching methods. Pestalozzi 
held that the individuality of the child must be sacred to the teacher, 
and that investigation is the best method of learning facts. He thus 
anticipated the principle to be discussed in this chapter, as he be- 
lieved that children should be put on the road which the discoverer 
of the subject himself took. Rousseau’s method also foreshadowed 
the heuristic method. He urged that the child should not learn 
Science by memorizing lists of facts, but that he should be led to dis- 
cover principles on his own initiative. H. E. Armstrong, about 1889, 
was the first to introduce the heuristic theory into the teaching of 
Chemistry and Physics, and Great Britain seems to have been the 
only country in which this development took place. 

Benefits of the heuristic method . — Armstrong considered that 
Chemistry lessons should be made up of definite tasks. These 
should be in the form of problnns which each pupil works out 
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cspcrimcntally. The following quotations describe the principles of 
the heuristic method:— 

‘Every Science lesson should be in the form of an inquiry. Work 
is only scientific when it springs from a desire to know from our own 
knowledge some definite thing concerning which our curiosity has 
been moved.' 

‘A boy must use his eyes, as knowledge is only of use when it is 
obtained from persona! ofascrx'ation. The pupil, rarely, if ever, uses a 
Je.xt-book, and he should be put in the position of the original 
discoverer.* 

*Yaung children are delighted to be told (hat they are to act as a 
band of young detectives. In studying the rusting of iron they ore told 
that a crime has been committed on the valuable and strong iron to 
, change it into brittle dust. They are interested to find out if it Is 
murder (something outside the iron), or suicide (changes on its own 
accord).* 

‘Problems must be carefully graded and the pupils should be 
allowed to walk around the laboratory and get help from their com* 
pantons. Quantitative work should be introduced quite early in the 
course. The balance is the most imporiani piece of apparatus, and it 
is to be regarded as an instrument of moral culture to be treated 
with the utmost care atid rciercncc.’ 

It must be noted that Armstrong’s methods are occasionally mis* 
understood. His idea is not (hat the pupil should discover the cause 
of a reaction but that he should find the general condiUons under 
which it occurs. 

Tile knowledge acquired by correct use of the heuristic method 
is thorough, for all the information is obtained from direct contact 
with apparatus and chemicals. Independent and individual cn* 
dcavours arc the basis of learning. Interest is aroused in common 
objects, as well as in natural phenomena. Pupils learn to balance and 
weigh words and phrases as well as objects. Armstrong claims that 
specific benefits arc derived from his methods, which develop moral 
and intellectual character. The peculiar advantage of the heurisUe 
method is that it encourages Uic young research worker (the pupil) 
to develop the attitude of the eaperienced research worker, by carry- 
ing out experiments under sunilu conditions. 
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Before the introduction of the hcunstic method, most Science 
teachers thought it better to avoid, rather than to overcome, practical 
difRculties. If they allowed experimental work at all, the pupils 
merely repealed demonstrations or carried out routine tests, and 
little attempt was made to develop in them an understanding of 
scientific methods and ideals. The procedure of the heuristic method 
differed in every respect. It was fortunate that the new method was 
introduced, since its activity was much preferable to the didactic 
statements and passive observations of the lecture-room. It should 
not, however, be assumed that it w'as accepted in its entirety by all 
schools where Science was taught, but the methods of most teachers 
were definitely influenced by the principles of the heuristic method. 
In elementary schools and adult classes, however, some real barm 
was done by the introduction of this method. It was impossible to 
provide the necessary laboratories and the large quantities of appar- 
atus and chemicals required for the new individual methods: conse- 
quently Science was discontinued in many of these institutions, and 
the existing equipment gradually deteriorated. 

CrUlclstns of ihc heuristic meiAod.— The heuristic method is criti- 
cized from several points of view:— many inspiring, historical experi- 
ments which emphasize the romance of Science arc put into the 
background. Special types of apparatus which can only be used in 
demonstrations are neglected, and wrtaia experiments, requiring the 
skilled technique of a teacher, have cither to be omitted or are 
unsuccessfully performed by the pupils. 

The heuristic method lacks vitaUty, since it concentrates on the 
arrangement of facts and a systematic training in experimental 
methods. These alone are unsatisfactory. The enthusiasm and per- 
sonality of the teacher who arranges the lessons to suit his own ideas 
have much more appeal and ate more likely to develop a love of 
Science in the pupils. Whilst the heuristic method encourages per- 
severance, it is tedious for a young pupil to continue a prolonged 
search on one subject only. The problem experiment which is lively, 
and has repeated surprises, is of more benefit front an educational 
point of view. 

The method cannot be applied to the discovery of fundamental 
chemicallaws. These can only be verified or illustrated. Furthermore, 
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llie findings of botii psychofogisis and teachers show that pupils of 
10 to 15 years cannot study Chetnistry in (he same systcmalic way as 
those of 15 to 18 years, whilst Armsirojig and his followers main- 
tained that,\vhatever his age, the pupil had thccapacityforsystematic 
reasoning, and that he would de\%lop this without the inQuenca of a 
teacher. 

The heuristic method is effective when a great deal of time is 
devoted to one small section of the Chemistry course, but it is unsuit- 
able in these days when general principles arc taught. Again, some 
pupils arc familiar with more dicmical facts than others. In a prac- 
tical problem, some know the result before the experiment is begun. 
For example, in one school, parallel classes which bad completed 
two terms' Chemistry were to begin experiments on the composition 
of water. A written test was given asking which elements were present 
in water. Twenty-one out of sixty knew that water was made up of 
oxygen and hydrogen, and seven pupils knew its formula. 

Probably most criticism centres round the idea of putting the child 
in the position of the original discoverer. Theoretically, this idealistic 
scheme is attractive, but it is not possible in practice. Unlike the 
adult research worker, the pupil is not necessarily of high intellectual 
power, and he has not had (he necessary intensive training. Pupils 
cannot be expected to discover all the rdevant facts, for even out- 
standing chemists must take advantage of the work of their predcccs- 
sore. Hales’s work helped Priestley, and in turn Priestley’s work 
helped Lavoisier. AHcr years of labour, these great men succeeded 
in solving a few problems only. Modem research chemists use the 
catalogued information of earlier workers, and individual Investiga- 
tion tends to be replaced by lire ‘team-work’ of a whole laboratory. 

Unlike an experienced chemist, a pupil cannot be expected to 
know the difference between /acts which will help his particular 
problem and those which may be interesting and unusual but 
irrelevant to his immediate problem. Fundamentals must be acquired 
before even the beglnnirjgs of research arc possible, and the pupils’ 
lime is much better spent in Icatning these necessary facts and prin- 
Cj/Jea, TTjcm is not ^ufficictit time givwi to school Chemist^ for a 
pupil to re-discover all the facts he must know about the simpler 
pans of the syllabus. His own cxpcrimcntsshould provide a material 
foundation for the chemical knowledge which he acquires, but this 
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should be supplemected by dcmonsiiations, class discussions, 
accounts from text-books, and farts and data from reference books. 
Most teachers agree that if the heuristic method is attempted, it 
should be modified so that help can be given to the pupils when 
necessary. Thus, much time is saved and many benefits are gained. It 
is found that even with graded exercises some pupils often come to a 
dead-end and, in order to avoid any menial dissatisfaction and 
waste of time, sufficient aid should be given to enable them to con- 
tinue their work- A helpful suggestion or an apt analogy will not 
destroy the spirit of discovery. 

The heuristic method has also been criticized on the score that, 
in practice, it is not really a discovery or re-discovery method, as the 
pupil works on the instructions of his teacher. He can rarely be left 
to his own initiative when dealing with problems which arise, and, 
if he does gain a proof, it is obtained In a wasteful manner. 

Some writers assert that the direct method of verification has all 
the advantages of the heuristic method, as it attains its aims more 
easily and efficiently. This claim is not substantiated, however, and 
good teachers always include in their courses a number of problems 
embodying the spirit of the heuristic method. 

Suinmary of conclusions. — Thus, it is best to cany out a modified 
form of the heuristic method with pupils aged 11 to 16. Teachers 
should give the minimum amount of help in response to the pupils' 
inquiries, and should only resort to ordinary teaching methods when 
it is realized that to keep strictly to the heuristic method is inadvis- 
able. Information should be readily supplied if it is seen that a 
research problem is becoming uniotcresUng, or when the pupil has 
not sufficient knowledge to continue the work. 

Juniorpupils often derive benefit from pursuing heuristic methods 
in early lessons. Later, quicker leaching methods should be used. 
Much of the work can be built up on problems, but, with the approach 
<sC txtwna.1 wosk, may be cwiValkd so that 

more time may be devoted to ^tematic and theoretical Chemistry. 
The wording of verbal or written instructions should be such that 
the results are withheld. Definite and direct instruction is, however, 
essential under present conditions of Chemistry-teaching in the 
majority of schools. 
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must always fcjc kept in mind, and the relative advantages of each 
kind of apparatus must be demonstrated, hfaoy experiments are 
b^’ond the scope of even the most enthusiastic pupil, and if such 
experiments were attempted, the results would be worthless from an 
educational point of view. Side reactions, or an apparent failure, 
might attract and hold his attention; be might then be^me absorbed 
in complex details and lose right of the main problem. 

Other experiments arc too dangerous to be carried out iadividU’ 
ally. Juniors use inflammable liquids loo carelessly. They should not 
carry out experiments vriih sodium, potassium or phosphorus if thae 
is only one teacher to supervise a large class. Pupils do not sufn- 
cienily realize the extreme danger of violent reactions such as the 
addition of concentrated sulphuric acid or yellow phosphorus to 
potassium chlorate. 

A movable sheet of ‘safety glass* ‘ serv es as a transparent protec- 
Uve screen for experiments which may be dangerous. 

The pupils must be able to see the demoostratioa clearly. In a 
lectute>room with tiers of seats this is easy, but in the usual labora- 
tory large*sued apparatus must be used and every opportuni^ taken 
to empharize changes: for example, long poinlexs may be placed on 
balances. It is sometimes on advantage to have a Urge mirror pUced 
on the wall behind the demoostnuor at a siutable angle (approxi- 
mately 45") so that pupils may see the dcmonsualot^s bands and his 
apparatus clearly in the mirror. Large movable mirrors in frames 
may be substituted. The demonstrator must have all the apparatus 
neatly ananged beforehand and make sure that none of it is pUced 
between the class and the cxperimenL 
An entirely incorrect conception of the ideals of Chemistry may 
result if the prMtical work does not definitely prove from the bc^n- 
ning that lal^ratory results are reliable. An indisidual experiment on 
the eflect of heating copper in air and under impure sand may in 
each case give a black covering on the copper, so that the pupils 
doubt the facts of combustion. Such failures must never be allowed 
to happen, and, unless the individual experinunt can be improved, 
the demonstration method should be substituted. 

Demonstrations save time. The necessary apparatus can be 
arranged before the experiment begins, and the time spent by pupils 
* XUnulMuttU anJ soU under trade aaine* y jrh as Triplex*. 
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in fixing up apparatus and tidying up the bench is thus saved. 
Material is also saved, as a large num^r of pupils in a class need 
many times the amount of dienucals required by the teacher in his 
demonstration. Further, the pupil obtains much benefit from 
important demonstrations carried out on a large scale. Such experi- 
ments, usually omitted from the course as individual work, are: the 
lead-chamber and contact processes for the manufacture of sul- 
phuric acid; the electrolysis of concentrated hydrochloric acid (see 
Figure 34); lire passage of purified ait over healed copper; the con- 
densation of tiie water obtained by the burning of dry hydrogen at a 
jet; the analysis of nitric acid; the oxidation of ammonia; the 
preparation of carbon monoxide from carbon dioxide and carbon; 
the Solvay process for the manufacture of sodium carbonate. 

The procedure used during a demonstration varies with the ideas 
of the teacher and the conditions of the laboratory- In all schools, 
however, the teacher occasionally finds it necessary to stop indi- 
vidual work and to gather the pupils round (he demonstration bench 
for instruction. Occasionaiiy a class experiment is done badly. The 
laboratory instructions may be at fault, or the chemicals may dl/Ter 
from previous samples. The teacher should immediately repeat the 
experiment so that the proper result is obtained and the reason for 
the pupils' variable results is explained. If blotting-paper soaked in 
turpentine does not ignite in chlorine it can be warmed, or alterna- 
tively the surface area can be increased by Uic use of cotton-wool. 
When a pupil heats ammonium chloride, proves that ammonia is 
evolved, and states that tlie solid remmning is hydrochloric acid, he 
must be shown experimentally that his conclusion is incorrect. The 
results of a class cxpcrimcni may sometimes be supplemented. Thus, 
for example, when hot concentrated sulphuric acid acts on copper 
in a test-tube, the resulting mixture can be cooled and carefully 
poured into a tall gas-jar of water to demonstrate the formation of 
blue copper sulphate in solution and of the insoluble copper 
sulphides. 

Further, the Chemistry course for the first two years is best 
arranged as a series of problems and topics. Some lack of uniformity 
and coherence cannot be avoided, in consequence, the practical 
work of the pupil must be suppkracnnKl by demonstrations, talks, 
lectures and reading. The first three arc usually given by the teacher. 
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each dcmonslratioft, and that he shouJd be raentaHy satisfied at its 
conclusion. 

Furthermore, the teacher must determine which of the two 
methods is the more suitable for sj^cific Mpcrimcnls. For example, 
when he introduces volumetric analj-sis, he may find that very little 
is learnt, from sketches and descriptions only, of the correct methods 
of using pipettes and burettes. A demonstration, however, with large 
apparatus, plainly shows the pupils the technique necessary in order 
to obtain results of high accuracy. 

The pupil aught then to practise the use of both burette and 
pipette, using W'ater until he is sulOcientiy proficient in manipulative 
ability to use acids and alkalis. Pupils in pairs should check each 
other’s results, and in practising the use of burettes the teacher should 
write down a definite volume, e.g. 36-6 c.c., and ask all pupils to run 
out water to that amount 

Deciding factors in the success of a demonstration arc the eaperi- 
ntental technique of the teacher and the rehearsal of the demonstra* 
lion in private before the actual lesson. The young teacher must 
realize that a demonstration should net be attempted unless he is 
certain that it will succeed. If the demonstration fails it may have a 
serious cHect on Ute attitude of pupils. Persistent failures not only 
tnfiucnce class discipline, but the pupils may even lose confidence in 
the demonstrator himself. If the teacher is able to demonstrate effec- 
tively, if specially constructed laige-scalc apparatus is used, and par- 
ticularly if a combined laboratory-lecture room is available, this 
method will, in genera), be of great value to all pupils. Under these 
conditions, the teacher might seriously consider increasing the 
proportion of demonstrations. 

Differing approaches for bops arid girls 

It is interesting to note that boys, on the w hole, appear to prefer the 
individual method, and girls the demonslraiion method. One auihoti* 
talivc report sutes 'Boys are general^ su^rior to girls in Gtemistry’ 
and further, ‘Boys lend to c*cel io subjects where common sense 
counts for a great deal, and girls where style counts for not a little.* 
Tlus is said to be noiieeable in school practical work, for boys tend 
to be more cUlcicnt in manipulative skill and analytical work and, 
in consequence^ prefer to carry out experiments individually. Girls 
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take more trouble in entering up their notes carefully and neatly, but 
are sometimes less efficient in individual experiments. However, many 
authorities believe that apparent differences are due to the influences 
of home, school and general environment. For example, boys often 
obtain higher marks than ^Is in Sdence examinations. This may be 
partly due to the fact that boys usually spend more time on Science 
and enjoy better facilities. It is said that boys seem to be more original 
and to ^ve more reasoned statements. They arc often more construc- 
tive, appreciate scientific principles, attempt to obtain their own 
re$ultsandcoQclusions,and are more satisfied by intellectual exercise. 
On the other hand, ^Is are often handicappai because Chemistry 
makes little appeal to their strong interests in domestic, human and 
emotional affairs. Some ^Is pay too much attention to unnecessary 
detail and isolated facts. They tend to lack self-assertion and scientific 
curiosity, but are more industrious and show greater ability at 
remem^ring facts. 

It is suggested, therefore, that a larger proportion of demonstra- 
tions should be included in a Chemistry course for girls. Whether 
teaching boys or girls, however, the teacher should try to find out 
which of the two methods suits individual members of the class, and 
which b better for the experiment in question. It must not, of course, 
be assumed that boys have higher intelligence quotients than girls. 
The av erage is the same. There is, however, a wider range of ability 
among boys than ^Is, and it is now generally believed that there 
b less difference between the two than was formerly thought. Fur- 
ther, both require the same training in scientific method, as a help in 
solving problems in the home and everyday environment It may also 
be true that most courses in Chcmbtjy and General Science arc 
essentially devised by men for boys rather than by women for girb. 

Relative merits of the demonstration and individual methods 
Demonstration work, however, links up with individual work in 
many ways. Demonstrators point out the correct use of apparatus. 
In Individual experiments the pupil learns methods of manipulation 
and the scope and limitations of the apparatus. In the demonstra- 
tion, the teacher shows how to control the variable conditions, bow 
to avoid accidents and breakers and, in general, how to secure 
significant results. When experimenting the pupil should be encour- 
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many sources, and that he discovers facts and formulates principles 
previously unknown to hitnselfl S(«:h sources may include demon- 
strations and lectures by teacher or pupils, individual experiments 
and personal observations, and a study of text-books and reference 
books. He has to advance a particular and definite step by his own 
experiments, which later must be comprehensively checked and fitted 
into the scheme of work and the collected kno^vledge of the class. 
His results may be part of a general investigation and may support 
and supplement the work of others. After the practical work, all the 
results are discussed, and when the summary and conclusions are 
obtained, the pupil should realac that his own work is a necessary 
and important part of the whole. On the basis of his own discovery 
(which, though controlled by the teacher, yet encourages initiative, 
skill, observation and reasoning, the pupil again widens his know- 
ledge before repeating the whole process in future lessons. Thus he 
advances to wider knowledge and greater skill. The individual ex- 
periment becomes part of the scientific progress of the class. The 
pupil learns the need for critical checking, co-operation, full prepara- 
tion and continual endeavour. He sees that theory and practice ate 
inseparable. By visits to factories, by lectures and by frequent refer- 
ence to authoritative sources, be learns to relate the artificial scien- 
tific life of the class to a wider field. Particular experiments^e.g. 
solubility curves, hardness of water, laws of constant composition 
and multiple proportions, volumetric analysis — lend themselves to 
group-work, since the results of all pupils may be used either to 
provide an average result or to build up graphs. 

Review of research work done in the U.S.A. 

The research work done on comparing the merits of individual and 
demonstration methods is mainly American, and should be more 
widely known. A summary and criUcism of recent studies should be 
of benefit to the teacher. 

The usual method of carrying out the comparative tests was to 
divide the pupils into two or more secUon-s so that each pupil in one 
group could be compared with another pupil of approximately the 
same intelligence in another group. The classification was deter- 
mined by mental tests and the pupil’s grading in previous years’ 
work. The instructions ^veo, whether verbal or written, were idea- 
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exercise, however, is an important factor in deciding which of the 
two methods is better. 

It should be realized that there arc many variable factors influ- 
encing the above results. These include the health of the pupil, the 
conditions of the surroundings, the nature of the material, and 
the doubt as to whether the two groups of pupils were of exactly the 
same mental calibre. Chemistry courses in America arc less philo- 
sophical, and include more applications to everyday life, than the 
corresponding courses in Great Britain. Most of the researches 
tested the informative side of Chemistry; in fact, it is stated that ‘we 
have no tests for scientific attitude, appreciation, manipulative skill 
and a sdentific method of procedure*, all of which a pupil should 
have developed. In general the researches compared the individual 
and demonstration methods alone, whilst in practice the two 
methods are often combined or modified. No exposition was given 
in the demonstration methods, and no explanation or demonstration 
was given to the pupil in the individual method. Thus the actual con- 
ditions of a school laboratory were not often reproduced. 

The significant diflerence between the marks obtained in imme- 
diate and delayed tests indicates bow much material is not retained. 
Chenflstiy is not alone in tius respect, for in general 'about half of 
the subject-matter presented is forgotten after the first half hour, 
two-thirds in nine hours, three-quarters after six days and four-fifths 
after a month*, hfote satisfactory results would be obtained if less 
time were given to discussions on minor points, and more to emphasis 
of fundamental principles. Continual revision is necessary, and new 
problems should be introduced and solved by use of the recently 
acquired facts, so that earlier subject-matter is reinforced. 

Final summary 

The individual method is essential for discovery or re-discovery, 
when the result is still unknown to the pupil, while the demonstration 
method concentrates on emphasizing broad prindples and on verify- 
ing the result of an experiment- 

In an individual experiment the pupil has opportunities for viewing 
the changes as a close observer, and of taking his own readings. In a 
demonstration, certain features are pointed out to the class and only 
OM or two pupils lake the readings. 
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CHAPTER Vn 


The Treatment of Quantitative Work 

Hislorical iniroduciion 

In Ihe alchemical period lillle notice seems to have been taken of the 
weights of substances taking part in chemical reactions, and this 
attitude did not change during the years in which the phlogiston 
theory was in e;cistence. Jean Rey, in 1630, published bis work *On 
an Enquiry into the Cause wherefore Tm and Lead Increase in 
Weight on Calcination’,* In 1673 the main facts of this research were 
confirmed by Robert Boyle, who ii\correcily attributed the increase 
to the absorption of igneous particles, but the work aroused little 
interest. In consequence Joseph Black receives most of the credit for 
introducing the balance into chemical experiments. Hts work, 
published in 1755, gave direct evidence of the efiicienqf of quantlla- 
live methods. A little later Lavoisier’s important investigations 
showed that the quantitative aspect of chemical reactions could no 
longer be neglect^. 

Errors in classical Mperi/iicn/jr.--U is of great interest to calculate 
the degree of accuracy obtained in the quantitative experiments used 
in the discovery of the fundamental laws of Chemistry. 

Students read the ori^nal records of early chemists and 

calculate the errors in their results. It is not surprising that the most 
expert manipulators could not secure greater uniformity, or more 
reliability, in their results, as it was often necessary for these men to 
design and construct their own apparatus and purify their own 
reagents. 

'^e law of multiple proportions was suggested by Proust, in 1805, 
from his results on the analysts of the sulphides of iron. His experi- 
menul errors varied from 0-5 to 20 per cent, J3aJlon first enun- 
ciated his law from results which show errors- up to 14 per cent. 
Black’s outstanding work give an error of 1-6 per cent, while 
Lavoisier's results on heating mercuric oxide gave a 1 per cent. 

* No. XI, Alctntw Club Reprints. 
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pupils may be introduced to the idea of quantitative work. Examples 
are: — 

(а) Solubility experiments. Powdered substances — e.g. Epsom 
salts, copper sulphate, sulphur, common salt, Glauber's salt and 
^ass — are measured in a very small hole in a flat piece of wood or 
on a small circle marked on paper, and added to a known volume 
of water with its level marked by gummed paper on the outside of 
a test-tube. One measure is put Into the water and the whole is 
shaken. Suifleieot measures are added until the solution is saturated 
and a rough idea of solubility is thus obtained by comparing the 
number of measures dissolving. 

If, as with sulphur, none appears to dissolve, the filtrate may be 
evaporated to dryness to see if there is any solid residue. 

(б) The hardness of tap-, pond-, rea-, rain* and river-waters may 
be compared by adding soap-flakes (approximately the same size) to 
a medicine bottle containing 20 c.c. of each type of water and com- 
paring the hardness by finding the number of flakes which must be 
added to give permanent lather, on shaking, aJler corking the bottle. 

(c) Measuring the volume of hydrogen evolved from a known 
length of magnesium ribbon. A coll of magnesium ribbon is weighed 
by the teacher and its total length measured. Strips of magnesium 
can then be measured to represent a certain weight of the metal. For 
example: S'54 g. of magoesium ribbon are found to measure 
I5'5 metres. \Vhai length will supply 100 c.c. of hydrogen at S.T.P.? 
2 g., i.e. 22-4 litres, can be obtained from 24 g. of the metal. 

Now 24 g. of the ribbon would measure ^ ^ 24 _ 43.^5 metres. 

8'54 

Thus 224 litres of hydrogen could be obtained from 43-55 m. 
of the ribbon; at S.T.P., 100 c.c. of gas will be evolved from 

— — = 0-194 m. or 194 cm. of magnesium ribbon. 

(d) Counterpoised experiments. A Jong ruJ«- pivoted on a nail and 
with a tray at each end is used as a balance. Sand is used as a 
counterpoise for the following demonstrations: — 

(i) Magnesium increases in weight on burning. 

(ti) The products of combustion of a candle weigh more than the 
original candle. The candle is placed in a tin can pierced at its base 
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(b) The oceans hold la solution between 18 and 27 times as much 
carbon dioxide as the atmosphere. 

(c) One square mile of good garden soil gives otT approximately 
4,000 tons of carbon dioxide during the summer owing to the 
breathing of living creatures in the soil and owing to the decay of 
organic material. 

(d) A single cow may drink as much as 10 gallons of water in one 
draught on a hot day and a total of 40 to SO gallons during the 
day. 

Fortunately many Chemistry courses in schools arc preceded by 
meticulous instruction on the handling of balances. This means that 
when the pupil begins his experiments on verifying the law of 
constant composition, or the change in weight of metals which have 
been heated in air, the idea of weighing is no longer an abstract one. 
He has some skill in the use of a balance and is always anticipating 
the change in weight during the course of a reaction. 

It is essential that the few results which the pupil obtains for him- 
self in quantitative work should be suihcienUy accurate for him to 
rely on their value. Many experiments which might theoretically be 
done in the laboratory on reacting substances must be rejected 
because they do not yield the same results when repeated by diiferent 
pupils. The teacher must avoid the situation where, as one writer has 
put it, ‘in too many cases gravimetric research with beginners is a 
guessing competition, the roaster beiog in possession of the answer’. 

If inaccurate quantitative results are obtained in the school labora- 
tory, it is advisable to discuss the reasons for the errors, and if 
possible the pupils should account for the diifercoces. Much valuable 
training is gained if pupils suggest that the variation of their results 
from the IheoreUcal one is due to such causes as absorbed moisture, 
an incomplete reaction, or the presence of a certain impurity. Pupils 
should be encouraged to find out when an experiment is complete, 
and to devise ‘control* experiments for comparison. 

There is much to be gained by performing some experiments, sudj 
as the detenninaUon of eqmvalent weights, by more than one 
method. But quantitative work which takes a long time, or which is 
merely repetition, should be replaced by simpler descriptive experi- 
ments not involving measurements but requiring independent 
thinking. 
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Quaniilative experimenu 

Simple experiments far juniors . — Bearing in mind ihe previous 
considerations, there should be little difficulty in selecting the most 
suitable quantitative experiments for the junior years. The number 
and type should vary with the apparatus available and with the 
syllabus in use. Individual experiments ought to include the follow- 
ing:— 

(<r) The measurement of the volume of gas evolved in a chemical 
change (use of aspirator or simple form of Hempers burette 
(Figure 12)); to find (i) the percentage of carbon dioxide in a sample 
of calcium carbonate; (it) the equivalent weights of magnesium or 
zinc by displacement of hydrogen from hydrochloric acid. 

(6) The dcierminationof equivalents by:— burning magnesium in 
air; the oxidation of copper with concentrated citric acid; the dis- 
placement of copper by zinc from copper sulphate solution. 

(c) The separation of a soluble from an insoluble substance (using 
water, and possibly another liquid, as solvent). 

(d) Gas analyses (compositioo of air, hydrogen chloride, etc.). 

(e) Crucible experiments (loss of water of crystallization, equiva- 
lent, use of muffle furnace). 

(/) The verificadoa of the laws of constant composition, multiple 
proportions, conservation of mass. 

(g) The plotting of a solubility curve (use of a thermometer). 

(ft) Hie reduction of an oxide (combustion tube for (6) or (/)}— 
sec Figure 23. 

(i) Measuring the hardness of water. 

More advanced quantUatire wrk . — Jf any advanced students arc 
unfamiliar with the above quantitative experiments, they should per- 
form them first. 

/. Volumetric arta/ysis.—Ja addition to volumetric analysis with 
acids and alkalis, poiasaum permanganate, silver nitrate and iodine, 
more advan<^ students mi^t use potassium dichromatc, potassium 
persulphate and potassium iodalc. Suitable experiments in volu- 
metric analysis, in addition to the preparation and standardization 
of solutions (usually N/iO), indudet — 

(o) >4c/dr ondn/ilra/is— slrengthsofconantraied acids; the equiva- 
lent of an organic acid; the percentage of ammonia in ammonium 
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(t) 

FIGURE 23.— The reduclioo of ojiidcj by hydrogen or coal-gas: 

(a). (W. W, and 00 Various <ype$ of apparatus for quantitative eaperunents 
(e) A rimple apparatus for the qualitative experiment 
In the case of (a), (c), and (<0 the whole apparatus is weighed before and after 
reduction. In (6) only the boat and its contents are weighed 

chloride; the number of molecules of water of crystallization in wash- 
ing soda; the purity of chalk or limestone; equivalents of insoluble 
oxides and carbonates, and of magnesium; a mixture of sodium 
carbonate and potassium carbonate; hardness of water; purity of 
borax. 

(&) Palassium permanganaie—the equivslent of oxalic add; the 
purity of ferrous sulphate; the strength of hydrogen peroxide; the 
percentage of iron in a ferric salt; the purity of manganese dioxide; 
estimations of nitrite, chlorate and calcium in compounds. 

(c) Silver nitrate — the concentration of hydrochloric acid or 
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sodium chloride solutioa; the purity of common salt; the percentage 
of silver in an alloy; a mixture of two soluble chlorides; estimations 
of chlorate and thiocyanate. 

(d) Iodine — the strength of sodium thiosulphate; the percentage 
of copper in copper sulphate; the purity of blcaching-powder; estima- 
tions of reducing agents (stannous chloride, sulphur dioxide, hydro- 
gen sulphide, arsenious oxide), and of oxidizing agents (hydrogen 
peroxide, potassium permanganate and dichromate, halogens). 

(e) Potassium dickromatc — simibr to potassium permanganate 
but used in the presence of hydrochloric acid. 

2. Grayimetric analysis. — ^Suitable exercises including probicmson 
tile number of molecules of water of crystallization in hydrates; the 
precipitation of the metallic ions: — barium, lead, copper, iron and 
magnesium, and of the sulphate ion. 

i. Other experiments.— -in addition to the quantitative problems in 
volumetric analysis, ic is assumed that further problems in Physical 
Chemistry v^’ill include paniUon coeiEcient, chemical equilibrium, 
elevation of boiling-point, depression of freezing-point, heats of 
neutralization, electrical conductivity, and equivalent and molecular 
weights. 

As stated elsewhere, it 1$ essential that students should gain ex- 
perience in the use of the dlflcrcnt types of apparatus available. 
Titration experiments with standard solutions of silver nitrate and 
potassium permanganate may be done by more advanced students, 
and quantitative problems may be set as variations to the more 
usual work. A pupil may, for example, be asked to determine the 
percentage of carbon dioxide evolved from a known weight of 
sodium bicarbonate, on treatment with an acid, before and after 
beating. 

The percentage volumetric comporilion of gases, sucii as carbon 
dioxide, sulphur cUoxide, hydrogen sulphide, hydrogen chloride and 
the oxides of nitrogen, can be determined, by synthesis and analysis, 
with reasonable accuracy. For example, the fact that carbon dioxide 
contains its own volume of oxygen can be shown by using a large 
resistance-glass boiling-tube containing charcoal. The test-tube is 
filled with a rubber bung and two pieces of glass tubing, and is filled 
with oxygen by displacement of the air. One tube is closed and the 
other is connected to a large funnel placed mouth downwards in a 
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large beaker of water saturated wth carbon dioxide. The water is 
drawn up to a mark in the glass tubing. The large funnel (retort or 
wide U-tube) is necessary because of the expansion of the oxygen 
when the charcoal is being healed. The water is saturated with carbon 
dioxide by dissolving a little sodium carbonate in water and ncutra* 
Imog this with dilute acid. 

Further training regarding chemical reactions from a quantitative 
aspect is given by suitable teaching methods. Pupils should be taught 
to estimate the volume of test-tubes and other vessels, so that the 
laboratory instructions may readily incorporate the approximate 
wei^ts and volumes of the reactants required; and they should 
secure also a clear conception of the need for using exact quantities 
in reactions, if the amounts are slated. Thus, ‘15 c.c.’ is much pre- 
ferable to ‘two-thirds the length of a 5-in. test-tube’ — even if the two 
are synonymous. 

Lastly, training in small-scale methods should be given. These 
methods (see p. 15S) depend on the fact that substances react equally 
as well in fractions of a cubic centimetre or gram as in litres or kilo- 
grams. Thus they help to stress the need for economy, and to 
emphasize the dehniteness of a reaction and the constancy of the 
proportions of reacting substances. 

The magnitude of errors. — The subject of the size of errors is one that 
the Chemistry teacher should introduce whenever possible. The treat- 
ment of any problem should, however, be within the understanding 
of the particular class and should only be introduced after the 
practical work has been done individually by the pupils. The mathe- 
matical aspect can be discussed after the object of the problem bas 
been clearly grasped, but this must be well within the understanding 
of each pupil. The question of the relative value of errors is often 
omitted from school mathematics lessons. It is so important, how- 
ever, that, whenever a scries of results is handed in by the pupils, 
the teacher should make some reference emphasizing the aspect of 
relative errors. 

Primarily, it must be realized ifaat the result of a quantitative 
experiment varies. There is no absolute standard of accura<^, but the 
more expert the manipulator, the greater is the tendency for the 
results to approadi the ideaL Methods of correcting errors by 
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‘control’ or ‘blank’ experiments, and by graphical methods, might be 
carried out by senior students. 

Further, it should be recognized that any reading varies from time 
to lime, even with accurately graduated instruments and careful 
observation. It is wrong to define an error as a deviation from the 
'true result', for this implies perfection in the experiment and its 
results. Thus the 'true' or theoretual result of a chemical change is 
often based on calculations from atomic weights. These values have 
been determined practically, and therefore contain errors— minor 
ones it is true, but nevertheless errors. 

It is well for the pupil to realize that chemical ‘constants’, which 
have been determined experimentally, are the best representative 
values of many observations. Senior students might also read with 
advantage about the precautions taken in the accurate determination 
of atomic weights. 


Srrors tVt jwanliiuttVe worjfe 

Errors can be placed under various headings for convenience of class 
discussion. The following are some divisions: chemical, physical and 
personal errors; unavoidable and avoidable errors; constant and 
variable errors. The last classification will be referred to here, 
although ail are arbitrary. 

Co/isiant errors . — The constant error made in an experiment by a 
given method cannot be avoided by repetition. It may be due to gross 
faults such as: inaccurate calibration in volumetric apparatus; faulty 
standardization of solutions; impurities in the stock solution used; 
incorrect methods. (Thus the determination of the equivalent of 
copper, by conversion to rotrate and heating, gives consistently high 
results owing to loss of copper.) Personal errors may sometimes be 
referred to as constant errors, for even after years of training some 
I experimenters always read the level of a liquid in a graduated vessel 

1 inaccurately, giving it too high or too low a value. In titrations, the 

I reading of the exact colour eJangeis rarely recorded, as the tendency 
; is to anticipate the cliangc. Experienced observers at Greenwich make 
[ similar errors in recording the time of a star’s transit. (The assumed 
I instant of its actual occurrence varies from one*thousandth to 
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one-third of a second, and this error is almost constant.) In such 
cases, experts might obtain exactly reproducible results by making 
always the same error in one direction rather than another. Such 
constant errors cannot be detected or eliminated by repetitions of 
the same method, but alternative methods, dUferent observers, or 
other instruments and materials cni^t reveal them. 

Variable errow.— -Variable errors are often due to carelessness in 

mechanicalopcrations such as: weighiogand the reading of graduated 

scales; Joss in weight owing to transfer of a substance to another 
vessel; parallax errors in the reading of graduated vessels; mis- 
takes in recording or calculating results. It is one of the aims of 
Science to prevent occurrences of this kind. The checking of one 
pupil’s results by another pupil and the repetition of experiments by 
different methods, if time permits, arc occasionally resorted to. In 
practice, many pupils are ^ven insufficient lime in the early years 
to become thoroughly pcogdent, except in very simple quantitative 
experiments. In later years the personal error may become 
comparaUvely small. 

The magnitude of personal errors, due to limitations of the 
observer’s senses and apparatus, varies with the physical and mental 
conditions of different recorders and with the complexity of the 
experiment. Even the same experimenter works with greater care and 
accuracy at some times than at others. These personal errors can be 
minimized by much practice, by the intelligent handling of apparatus, 
and by creating special conditions before the errors become constant. 
It is doubtful if the average pupil can attain such an ideal, but his 
training should be towards that end. 

Other variable errors may be due to the difficulty of the experi- 
ment, or to faulty apparatus. Such instances can be most interesting 
and instructive when tackled by the advanced students; but the ideal 
experiment for most juniors is a straightforward reaction requiring a 
simple technique. Even in simple experiments, errors are incurred by 
careless handling of materials. Some errors are difficidt to avoid, 
especially in taking indirect measurements, where several observa- 
tions introduce their own particular error. Examples are found in: 
the determination of the solubility of a solid at different tempera- 
tures, the rate of a reaction, or any experiment in which portions of 
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should be pul on the blackboard. For Instance, one set of results for 
the percentage of carbon dioxide In a sample of calcite was: 

43 8 43-2 44-2 (391) 42-9 

44 0 43-3 42-9 43-7 43 6 

44-3 43 8 44 6 (411) 43-5 

431 

Mean result « 43 6 per cent. 

Pupils can usually see 'Ahlch results arc most likely to be incorrect. 
The figures in brackets, for example, were considered to be valueless, 
as they were widely divergent from the other values. The mean result 
was compared with the theoretical result obtained by calculation 
from the atomic weights. The apparatus used was a small test-tube, 
containing the concentrated hydrochloric acid, and a boiling-tube 
fitted with a cork and drying-tube, containing 1 g. of the calcite. 
Suggestions as to likely sources of error were made by pupils. These 
included the possibility of carbon dioxide remaining in the boiling* 
tube or dissolving in the acid; inaccuracy in the several weighings; 
the existence of impurities in the calcite; and loss of liquid. Finally, 
methods were suggested for remedying such faulu. 

The correction of errors is of great educational importance, for it 
develops in the pupil a sense of proportion and relative value seldom 
introduced by other subjects in the school curriculum. In an experi- 
ment, only original and thoughtful pupils are on the look-out for, 
and are prepared to consider, Utc relative importance of likely errors. 
It is important, however, that all pupils should be given oppor- 
tunities to receive some training in appreciating the reasons for the 
differences between the results obtained in the laboratory and the 
theoretical values. 

Calculating the value of errors. — In practical work the importance of 
accurate weighing must be emphaazed, and it must be shown by 
calculation that small mistakes which occur in the course of an 
experiment may produce a serious effect on the final result. This is 
especially true when small amounts of materials arc used, or when 
the change in weight is comparatively smaU. 

Thus the results given with the experiment on the percentage of 
carbon dioxide in calcium carbonate are limited fay the accuracy of 
the balance. A school balance rarely records differences of less than 



Tj|E TREATMENT OF QUANTITATIVE WORK 151 

0005 g. With such weighing a possible error of 0 0025 g. was in* 
curred, cquiraicnt to a percentage error of 0-25. In addition, three 
different wcigliings were necessary, so that the total error might 
rise to 0*75 per cent., although it is unlikely that such would 
occur. 

In the determination of equivalent wciglits by measuring Uic 
volume of hydrogen evolved, the use of small quantities of metals is 
necessary, and consequently large errors may occur. For example, 
with O'l g. of aluminium a percentage error as large as 2-5 might be 
brought into the experiment by weighing. In an experiment determim 
ing the weight of oxygen liberated from mercuric oxide, the fact that 
the theoretical loss due to oxygen is ottly 7-4 per cent, is a serious 
defect in the method. The remedy is not always easy. The percentage 
error could be reduced by using targe amounts of substances, but, as 
both cost and length of time to perform U»c experiment have to be 
considered, this is not always convenient 

Each c.xpcrimcnt should be considered separately, and appropriate 
action for reducing any errors should be taken. For example, the 
heating of large weights of mercuric oxide in determining the loss in 
wei^t of the combined oxygen would require the use of a ^ass 
condenser, or glass wool in the mouth of the test-tube, to prevent the 
loss of mercury vapour. If a brge volume of oxygen is measured and 
its weight calculated from its density, the error can be reduced to a 
small value. 

After the Junior stage of Chemistry has been passed, pupils are 
expected to consider both the pitcaulions to be taken to secure 
reasonable results and the degree of accuracy to which these lead. 
They should attend to relevant details and learn to work out results 
as accurately as the conditions of the experiment permit. Time should 
not be spent in attempting to avoid errors which are insignificant. 
Pupils must rcalixc that accurate is not of the same value in every 
tneasuremeot. Apprcdabic erron should be avoided, but it is un- 
necessary to take precautions to prevent very slight errors occurring. 
Pupils should be taught to realize that it is a waste of time to use an 
accurate balance for weighing materials used, for example, for 
standard solutions in volumetric analysis, and then to use these 
solutions in a badly calibrated pipette or burette. The student should 
be dear about the nature of the errors at each stage, so that all 
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measurements are of the same degree of accuracy. In other words, 
excessive accuracy at one stage of a series of operations is usdess if 
the other stages arc less accurate. It is absolutely wrong to calculate a 
result to a degree of accuracy which bears no relation to the results 
obtained. (A teacher should take every opportunity of emphasizing 
the fact that ‘the number of significant figures* is of primary import- 
ance in all calculations.) As an example, in weighing 5 g. of a solid 
to the nearest 0-005 g. the possible error is 0 002S g. 


percentage error is 


. 0-0025 X 100 


With a more delicate balance the error can, of course, be reduced. 

If 5 g. arc dissolved and made up to 100 c.c. with water, and if a 
burette is used which reads to the nearest 0-025 c.c., it might be 
imagined that the error would be half this value. Actually a burette 
delivers about twenty drops per cubic centimetre, and thus the 
greatest accuracy is within halfa drop, or 0025 c.c. 

If 20 c.e. of this solution is used the percentage error might be 


0-025 X 100 
20 


0-125 


With 5 c.c. of this solution the percentage error is increased to 
0-5 per cent. 

The figures given ate sufiiciently accurate to show that weighing 
is usually more precise than volumetric measurement, espedally 
when small volumes are used in titrations, and that small volumes 
incur a large percentage error. 

Another common tendency which must be discouraged is to 
express averages of a number of measurements beyond the degree 
of accuracy they justify. Thus if 0-300 g. of potassium chlorate loses 
0-115 g. of oxygen, it is wrong for the pupil to express the loss in 
weight on 1 g. as 0-3833 g. He should be told that the accuracy of his 
calculatloa depends oa the isossvsj of the wttgjaitig. As prevtCiisiy 
mentioned, this is usually to the nearest 0-005 g. with an average 
school balance. The 0-1 15 g, represents a value between 0-1 155 and 
0-1145 g. Thus the loss on 1 g. should be expressed as 0-383 g., apd 
the other figure given is meaningless. 
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considerable pracUcc in w''E''‘“ 8 “ necessary for the passing 

reliability are to teatlamed-skiuso 

of practical examinalions. 

Chemical mllhmllc been mentioned, and 

A few chemical ^’l^uanlitative experiments have ton 

numerical errors in the ° ‘,ioo of chemical anthmclic 
considered above. Th.is „„ssary. 

general, and some brief comments ar 
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Arithmetical examples should be introduced gradually, as oppor- 
tunities arise, and they should fit naturally into the course. Pupils 
should be taught how to solve the problems by methods which 
involve clear reasoning. The use of atomic wciglits in calculaUons 
has to be learned at a fairly early stage. This is chosen as the subject 
for the series of questions given below, the approximate atomic 
weights of elements being employed. 

(1) Calculate the molecular weighu of (a) hydrochloric acid; 
(6) sulphuric acid. 

(а) Atomic weights: H *= I ; Cl = 35*5 

molecular weight of HCl = 1 + 35'5 
« 36‘5. 

(б) Atomic weights; H «» 1; S = 32; O = 16 

molecular weight of H^04 « (2 x 1) + 32 + (4 X 16) 

« 2 -h 32 + 64 
»98 

(2) What is the simplest formula of a substance containing 29* I per 
cent, of sodium, 40-S per cent of sulphur, and 30 4 per cent, of 
oxygen? 

Atomic weights: Na s 23; S « 32; O = 16 
the ratio of the number of atoms is:— 


Na:S:0=??l? 

.40-5. 

30-4 

23 

32 

16 

«l-27 

1-27 

1-9 

1-27 

1-27 

1-9 

^1-27 

1-27 

1-27 

^ 1 

1 

1-5 

= 2 

2 

3 


i.e. the simplest formula is:— Na^jOj. 


(3) How much iron could be obtained by complete reduction of 
2 tons of haematite, FcjOj? What weight would be obtained if the 
haematite were 95 per cent, pure? 

Atomic weights: Fe = 56; O = 16 
Now Fe^Os — 2Fe 

i.e. (2 X 56) -h (3 X 16) tons of haematite yield 2 X 56 tons of iron 
or 112 +48 „ „ 112 „ 



the TREATMENT OF QUANTITATIVE WORK 

0, I60.on.orhacnuuuyid>l>l2‘»“‘>f”" 

ions of iron 

2 „ 160 

= 1-4 ions of iron 

,f.h=ha=ma.i«wcrc95percc„EP-.*^ 

amount of iron would be produccd.-95 per 

=s ^ X 1-4 tons 
iOO 

— I -33 tons. 

(4) What is the weight and t^ “^"pofass'iuin chlorate? 

-y »« ‘■y is-s; o ■= 

AtoimcwciBlits^K---’^* ^ (+ 2KC1) 

Now 2KCIO, _ ^ 

2139 + 35-5 + (3 X 16)1 t 

145 ^ 

:45s.orp;ussiunteh.orat=yie.d9^oxygen 

■■ " 245 

. “ '-"ngl occupies lines at 

The molecular weight in grams 

S.T.P. „ nrruDV 22-4 litres at S.T.P. 

i,e. 2 X 16 g. = 32 ” 22-4 X 19-6 

19 6 ” 32 

„,j. 71 UresatS^.P.^ when g,psunr, 
(5) What is the pereentage oss 
CaS0.,2H,O. is heated s«oW^ 3 j. q = 16; H =• 1 
Atomic weights: Ca — 4 , • ^ 2 Pj^q 

CaS0.,2H,O 2j(2 X 1) + '‘I 

40 + 32 + (4 X 16)+ 21(2X 1)+ '‘I 36 
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100 g. of gypsum yidd g. of water 

= 20-9 g. of water 

j.e. Loss of weight = 20-9 per cent. 

(6) What is the minimum weight of pure marble to yield 10 litres 
of carbon dioxide at S.T.P,? 

Atomic weights; Ca = 40; C = 12; O = 16 
CaCOa -V CO, 

40 -f 12 + (3 X 16) 12-i-(2xl6) 

i.e. 100 g. of marble yidd 44 g., or 22-4 litres of carbon dioxide at 
S.T.P. 


100 X 10 

10 litres of carbon dioxide at S.T.P. arc yielded by g- 

22-4 


of marble 


** 44-6 g. of marble 


A series such as this, for each ty-pe of chemical calculation ca- 
countered, is very useful. It enables the pupil to get practice in the 
method of working recommended for the particular type; It helps 
him to understand the reasotuog necessary at each step of the calcu* 
laiion; and it aids his memory for the facts and principles required 
in the solution of the problem. 



CHAPTER VIII 


• Small-scale Apparatus and Experiments 
Advantages of the smaU-scah approach 

Senior pupils usually become reasonably proficient in carrying out 
tests by small-scale melliodA, The use of sensitive instruments, such 
as microscopes, necessitates accurate observation; the greater range 
of experiments widens the pupils’ knowledge; and the novelty and 
neatness of the methods appeal to precise and careful pupils. It is not, 
of course, recommended that the usual methods should be replaced 
entirely by small-scale methods. 

The relatively small amounts of material r«jquircd for this special 
technique should be noted by teachers in schools. Large classes can 
catty out experiments individually at small cost. For example, in 
performing a test for a sulphate, 5 ac. of a dilute solution of barium 
chloride arc often added to the same volume of sodium sulphate 
. solution. The test can be performed just as efBcienlly with one drop 
((K)5 e.cO of each solution, equal to 1 per cent, of the chemicals 
previously used. A pupil appreciates the sensitivity of such tests when 
he finds that 0-2 g. of a solid dissolved in 10 c.c. of water suifices for 
many reactions of this type. This weight of solid means dial only 
0-001 g. need be used, and a tremendous saving in the cost of 
chemicals results. Substances such as potassium iodide, iodine and 
salts of mercury, silver and cadmium, which are too expensive for 
class use with larger apparatus, may be included, because only a 
trace of the substance is required wi^ small-scale apparatus. 

Dangerous large-scale experiments are advisably omitted in school 
Work, because of the large numbers of pupils present in a laboratory 
and the inexperience of the experimenters. Such reactions are quite 
safe with, sn^l-scalc methods, as later examples show. A further 
advantage is that when a solid is in solution it takes a few seconds 
only to extract several drops for testing purposes, and, what is quite 
as important, it takes no longer to wash and dry the apparatus for 
future experiments. Reactions occurring in thin films on pieces of 
glass or porcelain can be distinctly observed. The region of the 
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reaction is clearly defined, and complex colour changes or crystal 
formation can easily be viewed, especially with a lens or microscope. 
Crystallization of salts such as potassium nitrate, lead nitrate and 
ammonium chloride can be carried out by the usual neutralization 
experiments followed by concentration, or by adding reagents which 
supply a common ion. 

Finally, a reaction may be quickly completed, because a large 
amount of one reagent can convenicolly be added to the test solution. 
Thus, on dissolving copper in conceniratcd nitric acid and subse- 
quently adding excess of ammonium hydroxide it is more effective 
to carry out the test on a slide, or on a piece of blotting-paper, than 
with several cubic centimetres in a test-tube. The excess acid is 
quickly neutralized in the small-scale (or micro-) method, and the 
merest trace of copper gives a blue coloration. 

Apparatus and methods 

The following descriptions ^ve a useful indication of the application 
of small-scale methods with pupils aged IS to 18. 

It may be mentioned that 1-c.c. pipettes graduated in 0-01 c.c., 
10-c.c. pipettes graduated in 0-1 cx. and I0-c.c. burettes in 0-02 c.c. 
are on sale. If such instruments are not available, increased accuracy 
may be obtained, in reactions with sharp end-points, by using very 
dilute solutions such as N/lOO silver nitrate and N/lOO iodine. 
These examples ^ve the pupil some idea of the possibilities of volu- 
metric work. 

Qualitative reactions are usually carried out with drops of liquids 
and solutions, small quantities of solids, and small volumes of gases, 
using special apparatus. The use of single drops gives excellent 
results and is typical of the small amount of substance that can be 
seen reacting. Reactions ate usually carried out on watch-glasses, 
^ass slides, or coloured tiles. Scrap ^ass may be bought cheaply, 
and cut into rectangles of convenient size (4 x li in. and 4 x 4 in. 
are useful). If a precipitate cannot be seen distinctly, a suitable back- 
ground is provided by the use of a coloured tile, or by placing a piece 
of coloured paper underneath the glass. 

Solutions are stored in various kinds of bottles. Special reagent 
bottle may be bought, but medicine bottles fitted with bored corks 
carrying a glass tube drawn out to a point arc cheaper. Small bottles 
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with screwed tops and dropping-pipettes are excellent for such 
reagents as silver nitrate and potassium iodide solutions; these 
bottles arc used for packing certain pharmaceutical preparations- 

Glass rods drawn out to a fine point, and fountain-pen fillets, arc 
useful for handling small amounts of liquids. The usual method is 
to withdraw, with a piece of glass tubing, one drop of the solution 
to be tested, and to place it on a clean, dry glass slide (see Figure 35). 
A drop of the reagent is placed alongside it, and a clean glass rod 
is used to unite the two. The main reaction occurs at the zone of con- 
tact, but since each reagent is in excess on either side of tins zone, 
unusual and instructive complications may result. 

Conditions for some reactions may be varied by placing one drop 
of the reagent in the centre of the test solution. Careful observation 
enables the experimenter to decide whether the proportion or con- 
centration of the reagent should be varied. 

Such reductions in the quantities of the reacting substances neces- 
sitate modifications la the type of apparatus used. It must be the 
smallest apparatus that can be bought, or it must be specially 
designed. The course of most reactions may be followed by the ua- 
^ded eye or with a pocket lens. Occasionally it may be advisable to 
use a microscope, or, for class purposes, a micro-projector. 

JExceptfor such specialapparaius,n305t of thestock can be stored in 
a large boxfilted with racks, slits and compartments to hold test-tubes, 
bulb-tubes, slides, rods, forceps, Bunsen burner and reagent bottles. 
Some slight modifications arc necessary for such operations as small- 
scale filiraiions and distillations. Strong wire may be bent into a 
convenient shape to support a small funnel and test-tube, and with the 
help of a cork cut in two the apparatus may also serve as a burette 
stand (sec Figure 24). Aitcmatively, a combined test-tube rack and 
beehive shelf (Figure 15) can be improvised from copper foil, plastic 
or wood. Its size should be such that it fits on top of tlie fcwakers and 
is convenient for the standard glass lube and test-tube fittings. Many 
variations of the above apparatus may be devised. Small volumes of 
liquids cm be distilled by means of apparatus such as that shown in 
Figure 25. A tube may be scaled into the side of a test-tube and 
this outlet joined to a length of glass tubing which is surrounded by 
ajacket of wider bore. Cold water may then be circulated through the 
jacket An alternative apparatus is provided by beading a 4-inch 
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FIGURE 26.— Apparatus for dUidlaikm in steam (small-scale). (5) shows an 
aliemalive amngcmenl for X, usin^ an inv-erud Ust-tubc with side tube; (c) is 
a ihiid variation, u^ng a test-tube wnhom a ude lube ; (d) gives another version of 
the apparatus 
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test-tube at an angle of 90 degrees, fitting it with a rubber bung and a 
piece of tubing, and surrounding with cold water a second test-tube 
joined to it. (Examples of apparatus for small-scale distillation in 
steam are shown in Figure 26.) 

£xj?eriments with gases 

For the preparation and colicciton of gases, modification of the usual 
type of apparatus is especially useful. Experimenis arc oflen just as 
succes sf ul when small, instead of large, volumes of gases arc pre- 
pared (see Figure 27), and the danger of a foul atmosphere in the 
school laboratory is minimiacd. Small test-tubes, 3 in. x i in. or 
2 In. X i in., arc most satisfactory for heating small quantities of 
mercuric oxide, potassium chlorate, or red 
lead. The final results are obtained quickly 
and, in the case at least of lead compounds, 
which combine with the glass, the cheap 
test-tube can be thrown away aAer- 
wards. 

Small-scale methods similar to those 
previously outlined give elfideot results 
When minute pieces of solid are placed m preparaUen and collectioa 
drops of liquids on a glass slide or watch* of a smail volume of a gu 
glass. The gas evolved is tested by sus- 
pending drops of dilTercat reagents on glass rods, loops of wire, 
glass slides and capillary tubes, or by impregnating strips of blotting- 
paper with the solutions. If very small volumes of gis are evolved, or 
if the tests are not very delicate, a more sensitive method is necessary, 
and a small piece of glass tubing is placed over the solid and the 
reacting drop. The gas is concentrated in this small cylinder, and the 
above drop-tests are carried out. 

The teacher may prefer pupils to handle small-scale apparatus for 
preparing gases, rather than larger flasks, etc. (see Figure 27). 
Standard fittings for diff«eat-sizcd test-tubes are recommended. 
With a little thought, it is possible (o prepare the common gases in 
sufficient amounts by using test-tubes and two or three bent pieces 
of glass tubing joined by rubber tulnng. 

It is suggested that each pupil should provide himself with fittings 
(3) similar to those shown in Figure 28. Tlie glass tubing should be 
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below. 

Co/totesg"" . .,,heal)paratus shown in diagram 

OS dc, oxygen, nitrogen, and snore 
from that of air.) 

(c)Fordisplacomenlorwaier. outer ^ 

monoxide, oxygen mtrogen.^^^^^^ 

such as hydrogen sulpnio^ „,«. etc. 

soluble, and may be and nitrogen peroxt 

hydrogen chlonde. sup ™ntinaU-tube 

soluble in water. • _ a suitable dry»ng ag 
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beat 

2KaO,-- -.2Ka + 30 

MnO, 


Apgw* 


TetU 




Rekindles glowing 
splint. (NO gjvei 
red NO,.) 


CaCO, + 2Ha = CO. + CaQ, h H.O, 
heatH^. 

H), =-_.-CO, 1- H,0 + CC 

Pass through NaOH 
MnO,+4Ha ^ Mna,+2H,0+a, 

NaCt + H,SO. Ha + NaHSO, 


Cu+2H,SO. SO,+CuSO,+2H,0 

<onc. (apptoL) 


FeS + 2Ha - H,S + FeO, 

beat 

NH.NO, .= N,0 + 2H.O 


(WIU 

or 

(«.U 

W-U 

(W 


0)J 


(6).I 


(&)I 

or 

(6).U 

(o).I 

or 

(a).U 

(hoi 

water) 


NO 3Cu + 8HNO, — 3Cu(NOJ, 

mete..*), eoac: + 2NO + 4H,0 


Slight explosion when 
fust lit; pure gas 
bums gjving water 
only. 

Negative tests. 

Turns lime - water 
milky. 

Bums with blue flame, 
forming CO,. 


Smell. Greenish yel- 
low colour. Bleaches, 
liberates I, from KL 

Dcn« Aunes with 
NH,. While predpU 
tate with AgNO, 
solution. 

SmelL Drop of 
KMnO, solution 
decolorized ^d 
product then gives 
white precipitate 
with Baa,. 

SmelL Blackens lead 
acetate paper. 

Rekindles glowing 
splint. Unaffected by 
alksline pyrogaVoL 


Exposure to air gives 
NO,. Brown colour 
with FeSO. solution. 
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NO, 




NH, 

Plf, 

CH, 


2NH.a+Ci(OH).-2NlI.+ Cxa^^^^ | C«) I“ 

4P+3NaOH-P3H.O-PH.+JNaH.PO,!(M.Il 
I Pass inert gas through 1 

CH.COONa + NaOH 

^*** CH. + Na,CO, 


16S 

[Reddish brown coloitf. 

' Decolorized by H,0- 
{Turns ferrous sul- 
phate solution 
brown.) 

Smdl. Alkalinc^ reac- 
tion. Blue prcapitatc 
with CuSO. solution. 

Smell. Bums forming 
P.Os. 





, . . „ testers, or sinL! wi* 

and bMliivn shelvts are repla^ 

designed shelves; gas-jars by in both bands by tl« 

The smali-scaie apparatus may o . ^ Otherwise it may ^ 
experimenter until the by a small retott-slaed. 

held In posiUon by a ‘“‘■‘“!*^,„5n,ade^byinse'““'“P“P‘' 'I 

Spedal apparatus may be design^ subsUtutes for bosses an 

tbe^orbbop or and spring dbib«W ^ 

clamps are fashioned from cbps. SOT J ^ ^ 29. The 

combined test-tube rack and one end is exten^ 

wooden rack holds four “alH?' port a tesktube- »= 
and mounted with a bent sutp of ~P^ > i^pmges on a 

deUvery tube passes into another test 

glass slide bearing the '“8'"“; , j by coiling wire into '>■' 

DeSagrating spoons are the straight P'^ . 

of an inverted “ made wi"- 

metal disc. A deflagrating spoon Ibr so ^ „ srfed 

a lathe. Holes are bored in a small h bent at nghl anglm- 

by a screw joined to a piece o 

rtrevb,ooc,m,,/or..prc.rn,kmWproprr,i-/.r-- 

Ue^rt. H^re 30, 
eluding revision and summary 
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p.paraIioninth.Iast.=™^^^^ 

problecQS. 


Smatl-scak method! for jmuir ! two years of Chcmistiy 

emphasis should be should be suessed 

The general pnnciplcs °b^ and acids. Drops 






t 

Meet 


of the three mmcrai ana. ^ 
moved wid. a gUss rod and 
on strips or wood, paper, cloth, and m 
concentrated solution of sugar 
note the heat evolved and to form their dduw 
solutions). Drops of the dtlute acids my 
“ run into drops of silver nitrate, banum 
Con. chloride and sodium arbonate 
vratcf r,A»«^»t;n*nurofj.es. into water. Such Bi 


figure 3l.-Con. chloride and sodium carbonate soiuu^-. 
densaiion of water for tasUng purposes, into water. Su* 

evolted from a healed wjH, similar eapetiments require 

no elucidation (e.g. Figure 31). ? “ ^ 

periments, however, need 

Ss is insunced by tesG carried out “ jas^eh ‘S ^genu. 

to flow from a delivery tube over rows “f ^ 

Thus, a series of tesu with hydrogen sulphide can be 
touluneously by plaeing soluUons of 

ganate. and salG of lead, cadmium. be taken 

rnUmony on one glass slide (compare Figure 32). Care j, 

that the drops are not confused. This difficulty rimy be o ^ ^ 
' totting a piece of paper underneath the glass slide, and numben g 

on the preparation of gt^ may be 
the standard fittings described. Long pie^ of suing 
to wooden splinu, when sinall.seale tests for 
and infUmmability arc carried out in small test-tubes. 


biliiy arc carried out in small test-tubes. Rwu 
done with pieces of charred wood instead 
A small tin can be partly filled with sawdust, or small pieces o 
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and after puncturing the lid with several small holes can be strong)y 
heated. The tin serves as a substitute for a retort. Inflammable gases 


iodide j sul^a 

(Hiper j poptr 
Mercury 





Iodide 

sulphide 

paper 

paper 

Mercury 


Turpentine (which 
eftssolyes ozone) 


6iw«M 

''iSnf" 


FIGURE 3i. — An experiment with ozone (small-scale apparatus) 

ate evolved, and can be burnt at the holes, whilst wood charcoal 
remains. 

Ife^nners often obtain poor results, and in these small-scale ex- 
periments it is possible (o avoid waste of time and material b> 
repeating the same experiments several times. An example is the 
‘brown ring’ test foe a nitrate, which can be quickly repeated on a 
lile, success being attained by slight 
variations of the conditions. 

The following are other iostaaccs 
of modifications of convcnlionaJ ex- 
perimental methods:— -An effective 
small-scale demonstration of the 
oxidizing powers of concentrated 
nitric acid is shown by pouring the 
acid on to a warm heap of sawdust 
in a crucible lid. In the preparation FIGURE 33.--'nie action of 

or priMatic sulphur, i.hprctobk 

to use either a cardboard or paper of •.uf ia . 

funnel instead of the cumbersome 

Battersea ■ crucible or evaporaUng 

basin. Tlic molten sulphur can be 

poured into the funnel from a test- 

tube, and, after the crystals have beta seen, the remaining sulphur 
can be poured back. A piece of glass tubing removes sutSdent 
molten sulphur to demonstrate the burning of small samples and 
the sublimation of flowcrs-of-sulphur inside the tube. 
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The action of steam on magneaura can be clearly shown by boiling 
water in a silica tesMube, so that steam forms and passes over heated 
magnesium, supported on glass«wool near the mouth of the test- 
tube, where the evolved hydrogen can be ignited (see Figure 33). 

Large test-tubes or boih'ng-tubes may be substituted for flasks in 
preparing gases. Hard-glass test-tubes may replace crucibles in 
quantitative work. For iostance, copper is weighed in the test-tube 
(containing asbestos-wool, a cork and tube) and dissolved in the least 
amount of concentrated nitric add. After heating, copper oxide 
remains and the whole is weighed. If necessary, the oxide may be 
reduced to copper by coal-gas in the same test-tube (see Figure 23). 


Outline of problems and experiments. — (Tests are carried out with 
one drop of solution unless otherwise stated.) 

(i) Adds and carbonates.-— -Acuon of sodium carbonate on dilute 
mineral acids—tests for carbon dioxide by special ‘drop’ methods— 
examination of crystals of the 



FIGURE 34.-— The electrolysis of con- 
centrated hydrochloric add soJutioo 
(small-scale). The batteries should supply 
about 16 voits 


different salts formed — extrac- 
tion of solutions of organic 
adds from fruits (lemons, 
oranges, grapes, apples, etc.) — 
examination for crystals — 
s^tion of these organic adds, 
as well as acetic, tartaric, and 
citric, on sodium carbonate — 
crystallization — taste, action 
on indicators and traces of 


metals — comparison of inor- 
^nic and organic acids — tests for add in various common 
commodities such as cream of tartar, lemonade powders, sour wine- 
action of any one add on diSereat carbonates, baking-soda, mortar, 
different forms of caldum carbonate, ‘soap-powder’, sea-sbells, egg- 
shells, plant ashes — flame tests for sodium, potassium and caldum — 
connect with, and make samples of, ‘Health Salts’ and Sddlitz 
powder— use of standard fittings and drops of lime-water to show 
formation of caldum carbonate and caldum bicarbonate. 

(ii) Copper and its compounds. — ^Action of sodium hydroxide and 
ammonium hydroxide solutions on copper sulphate soluu'on — cbm- 
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parisoa Of, ond reason for, any differences i" 

hydroxide soiutions on speck of copper-solauon ° j 

ceVled nitric acid and mtoS%lne 

presence of copper sails in copper ores, Botdeaux roxt 

water of swimming-pools,‘Unned pKii an,, 

gold articles-prccipitalion “P^^,Jan-wool (cellulose) under 

monium >’yd™=“‘*'^“™ “ " soluUon-exaramation 

microscope and soluuon m cupram . ^_precipitaiion of 
of this treacly semi-solid mass under m P^P j , 
cellulose by acid (now of litUe 

industry except for a ° n„sUiI of ferrous sulphate 

(iii) Iron and its mnpomds. ^ ferrous and 

on alkalis as above-acuon of air^ifferenc« acids-tests for 
ferric salts — other differences— solu i pyrites (in 

iron in salts stocked in laboratory and in iron ores, pj 
coal), sea-shells and sand. 

Small-icok metlmdrfor more odrancedmdmk 
Many experiments in the adran appropriate small-scale 

described for Utc jumor stage, s siud^nc substances such 

methods mentioned earlier arc ®PP ‘ ammonia; in testing for 
as bromine, iodine, carbon monoxi oxidation experiments 

hydrofluoric acid; and in observing vg chlorate. Pupils 

with concentrated sulphuric ? these expenments on a 

must be warned of Uie danger of repeating 

large scale. of small-scale apparatus is 

Another illustration of the ^ is possible for pupils 

in its application to blotting-popfif* soaked 

- to demonstrate 'electric writing y . -]pjithalcin, with the ends 

in solutions of sodium chlondc an P The sodium hydroxide, 

of wires connected to a flash-lamp baiw^.^^^ indicator and a red 
formed by the secondary reacU , .. tj.iubcs, or bent glass 

colour results “^^^h-lcmp battcri^)' 

tubing, carbon electrodes hvdrocliloric acid), may be us^ 

of different sails (and (fn!^ example, see Figuredd)- 

in a scries of experiments in eleclroiysi t 
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It should be noticed that small-scale chemistry permits the use of 
platinum wire in place of the more costly foil commonly used for 
electrodes. 

Another particular advantage of these methods is in simple quali- 
tative tests for acidic and basic radicals, when it is necessary to carry 
out several tests on one solution, e-g. in testing for a chloride and a 
sulphate. The method recommended is to put several separate drops 
of the test solution on to a slide, to place drops of the reagents 
opposite to them, and to draw each pair together with a glass rod. 
Several tests are carried out in a few seconds, and the different results 
for the simple radicals are quickly observed (see Figure 35). Many 
qualitative tests — flame, borax bead, charcoal block — are always 



FIGURE 3S.—A method oC rapid qualitative testing for radicals 


carried out on the small scale. If a microscope is available students 
can examine crystals of sodium chloride when the class is analysing 
sea-water. Each student can be called up in turn to view the crystals. 
Again, when oxygen is being prepared, a pupil who completes his 
experiment quickly may show the growth of the differently shaped 
crystals of potassium chloride and potassium chlorate with the help 
of a micro-projector. 

Helpful siaali'Scale experiments can often be made by students as 
introductions to more elaborate demonstrations. Thus, drops of 
concentrated ammonium hydroxide solution may be added to a test- 
tube of chlorine before the volumetric composition of ammonia is 
demonstrated by the teacher. 

The majority of teachers in England believe that small-scale 
methods cannot be applied to every experiment, and that no atlempl 
should be made to displace large-scale experiments completely. Each 
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and prcpanng large volumM g ^,,,.:hies provides exercises 
atus: alter-pump. muffle fuma«^ t End practical 

valuable for their own sake J°”,ter of 

esarntations tolheotherb i ^ 

especially m the U.b.A., are cou individual expenmenls in 

can be applied arc available in that conn- 

general Chenustry. Excellent ‘ ^ apparatus suitable for 

try, and manufacturers are pw^uemg sets 01 app 
small-scale, semi-micro-, and imcr^ ,, ''^-ooortion of quanlitative 
Later years should include a only in the school 

analysis. This work cannot modifications in the 

laboratory by small-scale method . s, ,„„. 5 sied. In equivalent 
construction of apparatus ibhy' °''I ’ . „ t* subslituted for 

determinations, and used as a 

flasks: two burettes may »"*' 

Hempel burette (sec Figure 12), ..voie may be extended to 
displacement of copper from „ll solutions, 

qualilative experiments wi* o „i, rale and, in turn, to copper 

Copper may be convened to ^ ,tst-tube. The long 

oxide by carrying out all mipcrimenls may be replaced by 

combustion tube used m reduc „ut at the end of the 

ahard.slass.es.-tubet-asm^.sblo „ 

test-tube, excess hydrogen s b j 

placed in a small copper-foil boat (as in r g 

• (T small-scale 

Further tmdipnlians in "F'""''!'!L“r”/unsalisractoty may be re- 
Certain largEle «1«'™'"“ “’‘“EwEn several tests bedoae 
placed by small-scale expenmenls. Not J ^ occurring m 

simultaneously by the changed ° ricr to study, and also 

a.'W“fil”,“PP“"":^Euvariedmme 


a thin film appears slower. „ried more readily to fnlU 

the strength of the reagents n^ tfiectivcly carried out with 

special conditions. Expenracn w potassium salts by means 

drops are the following: idcntificaUon ^ P , spirits, and the 
of potassium hydrogen “"^rilJrcmte acid’ with hydro|en 

formation of the blue soluti ,^cn ether and dilute acid. 


peroxide, , 
law of mass 
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solutions of poiassium thiocyaiiate and ferric chloride, In order to 
alter the equilibrium between the two reactants. 

Again, sufficient material for a large advanced class is provided by 
test-tubes full of saturated solutions of salts for use in experiments 
illustrating the common ion dfcct. For example, solutions of various 
chlorides (including hydrochloric acid) are added to a saturated 
solution of barium chloride, in order to observe the lowering of the 
solubility of this salL Many experiments with common anions and 
cations can be carriedout quickly, and the precipitate can be examined 
for crystal formation. It might be mentioned that the microscope 
can be used to examine the growth of crystals from molten solids 
(potassium nitrate or lead rutrate), and from diifereni solvents (com- 
parison of the growth of crystals in water and gelatine ‘solution’). 

In addition, small-scale experiments illustrating the preparation of 
such compounds as potassium permanganate and amyl butyrate may 
readily be devised by pupils. Small-scale preparations of esters, for 
example, supply a number of facts and require such a varied tech- 
nique that they might well be subsu'tuted for one long tedious 
experiment. 

Most of the apparatus required in the advanced work is similar 
to that mentioned earlier in this chapter.' Some few experiments 
may require heat A crucible serves for tests in which sublimation 
o<xurs or a gas is evolved. It can be held in a wire ring and handle 
(Figure 17 (h)), and the wire can also hold a slide in position 
over the mouth of the crudble;. A drop of liquid can be suspended 
on the underside of the slide while the reaction proceeds. If the liquid 
on a slide requires to be concentrated, or a reaction needs speeding 
up, careful healing is necessary. The Bunsen burner flame is turned 
down as low as possible, and the slide is held in the warm air only. 
In other cases it is possible to use warm metal plates or steam as 
sources of heaL 

Outline of further experiments 

(i) Starches and sugars. — Starch — examination of various samples 
(rice, wheat, maize, potato) under microscope — making ‘solution’ — 
iodine lest and action of beat — tests for starches in common sub- 
stances (sago, rice, beans, root-vegetables, custard-powder, dried 
soap)— action of heat on starch— dextrin conversion of starch into 
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sugars by dilute acids and enzymes. Sugars— comparison of solu- 
bility, sweetness, crystalline form of lactose, fructose, glucose and 
sucrose— special uses— reduction tests with Fehling’s solution and 
‘silver mirror test’; comparison of action of dilTwent sugars — extrac- 
tion of sugars from fruits (raisins, grapes, dates), sweets, honey and 
molasses, and identification of sugar present — examination of yeast 
cells — conversion of sugar (from raisins, etc.) into alcohol fay fer- 
mentation (both small* and large-scale experiments)— preparation of 
esters, and other tests for ethyl alcohol. 

(ii) MetaJiic 'trees '. — (A series of experiments on the action of 
metals on solutions of metallic salts.) Action of different metals (iron, 
magnesium, aluminium, tin, lead, mercury, etc.) on 10 per cent, 
solution of copper sulphate — examination for deposit of copper and 
disappearance of metal (examine under lens or microscope) — 
attempt to arrange metals in order of their activity— repeat with 
solution of lead acetate and dilTeient metals— then action of metals 
on solutions of silver nitrate, mercuric chloride, ferric chloride, 
aluminium chloride, lead acetate, cobalt nitrate, manganese sulphate, 
etc. 

General precauthns.-r-I. Use various strengths of salt solutions. 

2. When test is complete, examine solution for salt formation. 

3. If a compact piece of metal is ioeifective, try turnings, JUings, 
foil, etc. 

4. Impurities in the metals may influence the changes. Clean sur- 
faces with sandpaper, or chemically. 

5. Some salt solutions are not neutral, therefore neutralize before 
adding free metals such as magnesium. (In some cases, however, the 
hydroxide may be precipitated.) 

6. Large crystals form in solutions with absence of vibration, with 
slow evaporation, and in deep drops. The conditions must make for 
the slow growth of crystals. Drop the metal either in the centres or at 
the sides of large drops. Use glass slide or small watch-glass. Examine 
for crystals of metals and salts. 

7. Aluminium may give abnormal results because it is coated with 
a protective layer of aluminium oxide. The latter can be removed by 
rubbing with mercury or a solution of mercury salts. These protec- 
tive coatings interfere with the results given by other metals. 

The order of the metals in the electromotive force series is 
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potassium, sodium, calcium, magnesium, aluminium, manganese, 
zinc, iron (ferric), cobalt, nidcel, tin, lead, hydrogen, copper, 
mercury, silver, platinum and gold* 

(iii) Series of experiments on silica ‘water-gardens’: 

action of small pieces of salts of nickel, magnesium, cobalt, man- 
ganese, copper, iron, etc., on solutions of sodium silicate — speed 
of growth — chemical action and osmosis — formation of semi-per- 
mcable membrane — copper ferrocyanidc and ferric ferrex^anide 
membrane — ‘delaying’ actions with gelatine and potassium ferro- 
cyanide; sugar and copper sulphate — biological examples — action of 
water and sodium chloride solutions on hollow flower stalks and 
sections of beetroot— action of poisons, c.g. copper sulphate, potas- 
sium cyanide and methylated spirits, on sections of beetroot- 
similar experiments with algae — remove shell from bird’s egg, try 
action of water and salt solutions, with and without manometer 
attached— ■rcfereoces to more usual osmotic pressure experiments. 

After the junior stage the student is more proficient in experi- 
menting, and in consequence secures better results with specialized 
small-scale methods. It is necessary to state again that the pupil 
should receive systematic training in the use of every type of appar- 
atus. It has already been stated that many teachers believe that small- 
scale methods should not, and indeed cannot for several reasons, be 
the usual method of canyiog out practical work. Firstly, some 
branches of micro-chemistry are too technical and specialized, and 
are beyond the skill of pupils, who are unable to acquire the necessary 
technique in handling accurate instruments and sensitive reagents. 
Secondly, the reagents and apparatus required in some orthes^ tests 
arc too expensive, and the ^emistiy of the reactions themselves is 
too complicated for school purposes. Thirdly, sufficient time cannot 
be ^ven to small-scale methods, as other experimental work is more 
important, and it is also impossible to use these methods in some 
experiments or in examinations. Small-scale methods cannot replace 
the large-scale preparation of pure organic substances, and exerdses 
in volumetric and gravimetric analysis. 

Other teachers have shown, however, that much lime can be saved 
by applying these newer methods to qualitative work. Pupils who 
definitely prefer small-scale methods and secure reliable results 
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sliould be encouraged lo extend tlieir investigations. Enthusiastic 
supporters of smaii-scalc cKunistry assert, from their experience, 
that most of the usual experiments are best replaced by the use of 
small-scale equipment. The routine and mechanical methods of the 
older type of work are avoided, and greater accuracy is encouraged. 
In areas where there is a shortage of apparatus and equipment, it is 
strongly advised that the small-scale methods should be tried out 
and fostered. (See Appendix B 5, p. 277, for list of reference books.) 



CHAPTER IX 


The Teaching of Chemical Theory 

Descrij}live Chemistry 

Descriptive Chemistry can be taught with little or no rercrence to 
the atomic theory and its applications. In secondary schoob, how- 
ever, Chemblry is taught as a science, and this means that a discus- 
sion of the atomic theory cannot be omitted. 

The stage at which symbols, formulae and equations are intro- 
duced into school courses v*aries widely. Some teachers espcct their 
use from the earliest lessons with bri^t pupils, Eiclieving that they 
serve as algebraic summaries. These teachers argue that the correct 
meaning of an equation b only understood by the pupil when it is 
studied again in the light of increased knowledge, and that equations 
are invaluable for revbion purposes. 

Other teachers, however, discourage the use of formulae as a sub- 
stitute for the written word in the first year. Tb^ believe that a sound 
foundation of facts based on practical work b necessary before 
symbols, formulae and equations are mentioned. 

It must be remembered, however, that while some puptb begin 
Chembtry at about twelve years of age, a few do not be^ until they 
are fifteen. It b only fair to sumuse that certain text-books, which 
introduce formulae and equations in their early pages, are written 
for these older pupib. The discussioa in thb chapter will be confined 
to the groups be^nning Chembtry at about twelve years of age, i-e. at 
the be^oning of the secondary stage of education. 

It b only after much practice that the average schoolboy can write 
out ordinary equations correctly. Since preebion in thinking b 
essential, and rince first- and second-year pupils rarely grasp the 
full meaning of the symbols and formulae, it b inadvisable to allow 
the us* of formulae as a sort of shoidand. Thus, stalemenls such 
as ‘Pour cone. HQ on MnO,, bca^ Q, evolved and mangan ese 
chloride plus HjO formed’ should never be permitted at thU stage. 
Less intelligent young pupib often attempt to use thb incorrect 
method in the belief that time is bong gained. They do not realiae 
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that bad habits are being fonnetL Exceptionally bright pupils may 
adopt the correct method of dealing with formulae and etjuations io 
the earliest lessons without prompting. These pupils might be helped 
individually and encouraged in their efforts. The general rule is, 
however, that the average pupil should only be introduced to the 
atomic theory, symbols, formulae and equations by dehnile lessons 
in the second and third years. 


Atoms and molecules 

In the first year it is inadvisable to discuss the existence of atoms and 
molecules, except in an extremely elementary manner, and the treat- 
ment should be incidental and subsidiary lo the main worlr. No 
attempt should be made to give the formulae, for example, of the 
dllTerent classes of iron and copper salts, nor should any attempt be 
made to give the formulae of compounds such as phosphorus 
' pentoxide or potassium chlorate. 

The pupils' own experiments show (he broad dilTercoccs between 
the mixture of iron and sulphur and the compound ferrous sulphide. 
The synthesis of the compound can be represented by an equation in 
words->4ron and sulphur form iron sulphide (or ferrous sulphide). 
As mentioned earlier, individual pupils who, on their own initiative, 
use symbols and equations correctly should not be discouraged. 
This branch of the work, however, is not discussed in class. Ail pupils 
must be told that the equation states that iron combines, or reacts, 
with sulphur to form terrous sulphide. The definitions of atoms and 
molecules should be left until later years, as they arc too difficult for 
first-year pupils to understand. 

Pupils should be introduced later to the ihrcc-diroensionaJ concept 
by the use of pins, or matchsiicks, stuck in clay or plasticine balls, or 
in small potatoes, fruitsor seeds. Circlcsof cardboardjoined by paper 
fasteners arc not to be recommended. Atomic models may be bought, 
but more effective ones may be made from wooden balls of up to 
four inches in diameter. Two, three or four * holes should be bored 
in the balls in symmetrical positions* a^d long thin rods of wood 

• This enable* valency 'bond*’ to come out at (he Andes corr«pond«ig lo the 
comcn of a letrahednso. These atwnfc model* can then be iited ia Organtc 
Cbemisuy lo demomtrate ttcrcoisomctism, the beozeoe ting, etc. 
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inserted to give the idea of monovalent, divalent, trivalcnl and tetra- 
valent (or univalent, bivalent, tcrvalent and quadrivalent) elements. 
The changes occurring in simple reactions should be illustrated by 
these models. Opportunity should be taken not only to introduce this 
work at every convenient stage in future lessons, but also to use it to 
revise earlier material in a systematic way. 

Equations illustrated by models, for example, may be used to 
suroroarize the oxidation of magnesium, the heating of mercuric 
oxide, the heating of calcium carbonate, and the preparation of 
hydrogen. Iziter, the laws of constant composiUon, multiple 
proportions and conservation of mass, and the atomic theory and 
equivalent weights may be introduced. The laws must be supported 
by results obtained in the laboratory, and, whenever possible, must 
be linked with any relevant work which follows. The atomic theory 
may be surveyed brieily from the historical aspect, and when the 
principles have been learnt, they should be applied to a further under* 
standing of (he laws. Tlie definitions of atom, molecule and symbol 
are then given, and a list of the simpler symbols is learnt by the pupil. 

Symbols, formulae and valency 

Many pupils find this branch of the subject very dilficult to under* 
stand. It is sometimes necessary to split the class into two divisions: 
one division which builds up formulae and equations with moderate 
ease, and the other which finds great dilficully in balancing simple 
equations even when taught by drill methods. 

The pupils are introduced to the idea of valencies by using coloured 
balls joined on to one, two, three, four or five other balls. The terms 
atom, molecule, symbol and formula are each illustrated by these 
concrete models. Then the commoner elements and radicals of the 
same valency are grouped toother and arranged under two headings, 
positive and negative. 

The models show that an atom of a monovalent metal such as 
sodium, having one valency bond, can be joined to one radical only 
of chlorine to form a molecule of sodium chloride. The principle of 
formation of compounds from one atom of a monovalent metal with 
one monovalent acidic radical, or one atom of a divalent metal with 
one divalent acidic radical, or one divalent atom with two mono- 
valent atoms, and so on, is developed by oral work in class. M«h- 
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J7P 



Positive 

j N«8 »Uv4 

1 

(mono- or uni* 
vateni) 

Sodium Na — 

(Cuprous Cu— ) 

AnOTOtiium NH»— 

(Mercuroiu Hg*') 

Potassium K — 

Silver Ag— 

~CI Chloride 

-NO, Nitrate 

— HCO, Eicarbonalc 

— OH Hydroxide 

(—NO, Nitrile) 

(— HSO, Bisulphite) 

(— HSO, Bisulphate) 

ir 

(di- or bivalent) 

Magnesium Mg^ 

Calcium Ca^ ' 

1 Zinc Zn<^ 1 

^0 Oxide 

/S Sidphidc 

' /SO, Sulphate 

/CO, Carbenaie 

()>S0, Sulphite) 

III 

(t/i-orlervalenO 

Aluminium Al^ 

Iron Ferric Fe^ 

^PO, Pbe^haje 


FICURB 36. -^Valency cbatt for the cpnusoBcr radicab 


aovcal exercises are necessary until the art of building up formulae is 
completely mastered. The straightforward method of memorizing the 
valencies of the commoner radicals may be used, and plenty of exer- 
cise given in building up the formulae of simple compounds. At a 
later stage the theories of eleclrovalcnc^ covalence and co-ordinated 
valency may be dealt with. If such methods are not used, the pupil 
may 1:^ bewildered by the mass of symbols placed before him. Such 
factors os the length of the course^ the age of the pupils, etc., should 
be taken into account in deciding upon the method of treatment of 
this subject. The more mature chemist appreciates the significance of 
symbols and equatioas,but the beginoerisfaced with manydifiiculUes. 
Fixed valencies, variable valencies, the number of atoms in a mole- 
cule, the method of representing metals as monatomic, the vague use 
of ‘equal’ and ‘plus’ signs, the lack of quantitative values, the omis- 
sion of details of the physical state of the reactants, the apparent 
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simiJarity to algebraic symbols, and the balancing of equations are 
serious problems to the immature mind. The young teacher must 
take these questions into consideration during the earlier years when 
formulae and equations are being tau^L 
Care must always be taken with juniors to point out that — HCO* 
(bicarbonate), and NH 4 — (ammonium), are radicals and cannot 
exist alone but only as part of a compound. 

Further, it should be noted that most metals have a valency of two, 
and this generalization might be used in early lessons and the excep* 
lions noted, i.e. monovalent SAPS, as in the chart (if cuprous copper 
and mercurous mercury are included, SCAMPS); irivalcnt, alu- 
minium, ferric iron and phosphate; and quadrivalent, carbon and 
silicon. Later, pupils will encounter elements with variable valencies 
such as copper and mercury, mono- or dU; iron, di- or tri-; tin, lead 
and sulphur, di- or tetra-; and phosphorus and nitrogen, tri* or 
penta*valent. Young teachers must also be prepared for questions 
from pupils, who may ask for such information as the valency of 
iron in Fe ,04 and of oxygen in HjOj. Further problems will be 
solved when advanced pupils learn the modem conceptions of 
valency— clecirovalcncy and covalcn^. 

It is advisable to ^ve pupils exercise in reading symbols and in 
stating the full meaning, for example, of 3Na, H, and SO,. 

Several methods might be used in introducing formulae:— 

(а) In the hrst place, atomic models, with valency bonds attached, 
show pupils the need for satisiying tbe valencies of each atom in 
building up the formula for a molecule of a compound. Thus, the 
two valency bonds of two monovalent chlorine atoms satisfy the 
two bonds of one divalent atom of magnesium, forming one molecule 
of magnesium chloride. 

( б ) A second method is to show, for example, that the formulae 
of salts and oxides may be built up theoretically from those of water 
and the acids. Thus, the formula for hydrochloric acid, HCI, may be 
a useful starting-point for the formulae of all the chlorides. Mono- 
valent elements form chlorides of the class represented by XCl, 
divalent elements form chlorides of the class XQ*. tii valent elements, 
XQj, and so on. Sunilar examples should be worked out for the 
sulphates, nitrates, oxides, etc. 

(c) A third method is to write down the symbols for the atoms 
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and radicals, and to show that io a compound the valengr of each 
atom (or radical) multiplied by the number of each must give the 
same value. In calcium chloride the calcium atom is divalent, and the 
molecule contains one calcium atom. The chloride radical is mono* 
valent, therefore there must be two chlorine atoms in the formula of 
the molecule CaCl,. Alternatively, the pupil might be shown this 
simple relationship by the temporary use of Roman figmes for the 
valency; — 

Ca”Cl^, Hg"0”. (NH*)iSO“ and 


Common ({.t. popular) name ' 

Baking-soda .... 
Black-lead; plumbago I 

Bleaching-powder; I 

chlondeoftime ^ 


OMinkaltu 


Blue vitriol 
Brass . . 
Brifflstoae . 
Brine . , 


Carbide . . 
Caustic soda . 
Chalk . , , 


Epsom salts . . 
Hypo (hyposulphite) 
Lime-water . . 

Plaster of Paris . 
Potash .... 
Quicklime . , . 
Quicksilver . . 
(Common) Salt . 
fChiJe) Saltpetre . 
Slaked hme , . 
(Cane) Sugar . . . 
Sulphureued hydrogen 
(Washing.) Soda . 


' Sodium bicarbonate 
' (Graphite, a form of) carbon 
■ Mixture: chiefly ealdum hypo- 
chlorite aod basic coldum 
chloride 

(Hydrated) copper sulphate 
(An alloy oO copper and line 
(Roll) sulphur 
(Concentrated or saturated 
s^ution oO sodium chloride 
(in water) 

Calciuin carbide 
Sodium hydroxide 
(A natural form oQ calcium 
carbonate 

(Hydrated) magnesium 
sulphate 

(Hydrated) sodium ihto- 
sulphate 

(An aqueous solution of) 
calcium hydroxide 
(Hydrated) calcium sulphate 
Potassium carbonate 
Oldum oxide 
Mercury 
Sodium chloride 
Sodium nitrate 
Calcium hydroxide 
Sucrose 

Hydrogen sulp^e 

(Hydrated) soohan carbonate ' 


NaHCO, 

(C 


Cu50..dH,O 

(Cu&Zn) 


CaC, 

NaOH 

CaCO, 

MgSO.JH.O 

Na,5,0(.5Jl|0 

Ca(OH), 

2CaSO.. H,0 
K.CO, 

CaO 

}lg 

NaO 

NaNO, 

Ca(OH), 

Ci,H«0„ 

HiS 

Na,CO,.IOHiO 


Fro URE 37.— A chart of the chemical name* and formulae of some 
common aubstaaoca (see also p. 
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All three melbods should be used. The first and third are useful 
for oxides, sulphides, and other binary compounds ; the second is 
available for salts of oxyadds, and introduces the idea of sub- 
stitution. 

Pupils must realize that the three methods are only teaching- 
devices. In the first case, it must be pointed out that there are no 
material valency ‘links’ or 'bonds', although pupils may be told later 
that in some cases it Is considered that ‘bonds’ exist *; in the second 
case that Ihe theoretical displacement of hydrogen from the acids 
may not occur in practice; and in the last, that the Roman figures 
must later be deleted. Thus, the idea can be introduced that valency 
is not merely a tnaihemaiical convention, but is a constituUonal 
property of the atoms concerned. 

A much longer list than that of Figure 37 is given in Appendix F, 
p. 290, and it could be extended still further. Lists of this kind are 
useful in many ways:— as revision charts, especially when mads 
under selected headings,* as summaries and as memoiy-aids; for 
development as wall-charts, etc. Similar lists may be prepared 
for such subjects as:— common ores; principal sources of elements 
(or metals or non-raetals); precious stones; :^oys,ete. Additional or 
alternative columns may be introduced: — e.g. for method of prepara- 
tion; manufacture; chief properties; important uses, etc. Pupils 
should be encouraged to make brief classified lists for individual 
and class use. 

Errors made by pupiU in consirwiing equations 
Alihou^ mistakes in equatipo-building are often due to carelessness 
or insufficient pracUce, even pupils of average intelligence and 
industrious habits encounter many obstacles when learning this 
branch of theoretical Chemisuy. !t is especially important that 
equations should not be read mechanically so that the ‘plus* and 
‘equal’ signs are misintaprcicd and given an algebraic 

* Covalent compounds possess a bond in the sense of, Ktscnably, a pair of 
sha^ eitcuoak oibiis. Tbs modunisai by which this effects a link ts not 
predscly known. The Uok is da teted , requires considerable force to distort it, 
IS only oiensibie to a very small extent, and ia fact behaves very mach like a 
stiff spOTg. Elecuov-alenl compo'mds such as salts have tsciely an electrostatic 
«iiactk»i. CoaiequenUy, ai long as the rffnaTV^ between the atoms is no* 
increased, it does r*ot resist relative motlceu of the radicals. 
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versions of equations of the type. 

Sodium + wawr = sodium liydroxidt + hydrogou ^ 

It should later bo explained 

with-, and the 'equal' sign f^f^'toSns' odium hydroxide and 
reacUon as 'Sodium reacts with j ®„„|y part of a reacUon 

■ liberating hydrogen'. Eq“hons X? ^^aations 

should not be attempted, „f ,he chemical changes 

should be taught as a Stable in Umc, to connect 

actually seen by the pupil. HF^XfucH slated, 
much pracUcal information ^ and greater accuracy 

Uler. other points should ion s 'hen written in the 

expected. The equation for the aboxe reaction 

correct way.— 

2Na + 2H,0=H, + 2NoOH 

and the reaction must be yXat millioM of atoms and 

At the same time pupils “’'““JXoractice is to represent the chanp 

molecules ate reacUng, but that the p r„o|cculcs. As the 

by the smallest relative "“XXfvalency. amounts of reactants, 

practical work proceeds, L stales of the rBctants must 

conditions, balancing, and lb P equations. 

also be discussed in conjuncuon ^ j„ building equations. 

After much individual study an P ,,5 emphasized that, 

theoretical problems may ten down and bala^, 

even if an equation for a reac 10 ^ practice. Con- 

it does not jusUfy the o?"''"”'”',, f,Xmade in order to avoid such 
slant reference to experiments ^ made that an equa 0 

assumptions. The point "‘“'/'^‘Xurred, and that a chemii^ 
summarizes a reaction whi because an equation can 

change will not take place merely beca 
balanced. 

1 s of the incorrccl use 

Examples from pupils' occur, arc frequently 

of equations which balance, but do 
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given in pupils' noic-books; for exampic; — 

. Cu -f = CUSO 4 + H, 

H,S + 20, =» H,SO* 

KNO, + H,0 = HNO, 4- KOH 

ZnSO« + 2HN0, « H,S 04 + Zn(NO0i 
One pupil gave the following method for the preparation of carbon 
bisulphide from carbon and hjdrogcn sulphide by using the two 

C + H,S = CS -f H, 

CS + H,S * CS, -f H, 

Another pupil stated that hydrochloric acid gas fumed when it 
came in contact with his breath because of the following reaction:— 
CO, H 4HCI = CCl, + 2H,0 

A third pupil, in his description of the lead-chamber process, 
Nvrote: — ‘What actuallyhappcns is that the oxygen In the steam com- 
bines with one part of the nitrogen peroxide forming O, from the 
O and O. This combines with (he O, in the SO, forming O,. The 
hydrogen from the H,0 and the $ of the SO, form the rest of the 
equation:— 

NO, -I- SO, 4- H,0 « H, 4- SO* 4- NO.’ 

Incorrect equations showing difficulty in appreciating the use of 
formuhe frequently occur in pupils' note-books. Foe example:-^ 

1. CaO 4- 2Ha ^ CaO 4- H,0 

2. Mg 4- H,SO* = MgSO* 4 - 2H 

3. Na4-H,0=*H,4-Na0 

4. NaCO, 4- 2Ha = NaCl 4 - H,0 4 - CO, 

The points to be noted in connexion with the above are; — 

1. shows that the young teacher should repeatedly warn his pupils 
that 2HCI represents two molecules of hydrochloric acid (Le. 
HCl 4- HCl) and not two atoms of hydrogen and one atom of 
chlorine; 

2. shows the tendency to writedown free atortis of a gas; It should 
be pointed out that the common gases which occur as elements are 
diatomic; 

3. is an example of a balanced equation which will not occur in 
practice; 
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4. was ‘balanced' in stages as follows:- 

Na.CO, + HCl = NaQ + H,0 + CO, 

and then NaCO.V ^HCl - Nad + H.O 1- COi 

b, .his case, for example .be *'f2m of 

iwo molecules of hydrochloric aci , 1 ^ equation Ihe 

ehlorine instead of two. and in “ “““ note was altered, 
correct formula for ‘ ro,mulae of the molecules 

J'itTpt ^oKthem J convenience when attempting to 
■ balance the equation. 

Building up elementary equations hmueht to the notice 

- Some suck procedure as die following must be brought 

molecu^^ of reacling substances 

on the right-hand side. ^ formula of completed mole- 

bf atoms on each side is the 

He should know the names “f in revising these 

bases. It is surprising how ,gcni is the cause of much 

eleraenury facts, and lack of to 6 stxiium hydroxide 

uncertainty in equation-building. hydtochlono 

for example, forms a seri« of chlorate or ehlori^ 

acid forms only a chlonde not y he should be 

should be instantly recalled as double decompost- 

prepared for die oeeurrence ”'!^csc make the following 

don, displacement, and nemrahiauon. 

types ofequadon easy to balance. 

MgSO. + Baa.-Mga.^+^0, 
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often formed in chemical changes. The hydrogen and oxygen atoms 
must then be present in the ratio of two to one to form the molecules 
of water. This helps in writing the equation for the reaction between 
manganese dioxide and concentrated hydrochloric acid. The pupils 
should be able to write the correct formulae for manganese dioxide 
and hydrochloric acid and should know that chlorine and man- 
ganese chloride are formed. The two atoms of oxygen form two 
molecules of water and thus four molecules of hydrochloric add arc 
required, Le. 

MnO, + 4Ha = a, + MnCI, + 2H*0 
Similar consideraiions apply to the acUon of other oxidizing agents 
onconccnlrated hydrochloric acid, and to reactions between ammonia 
and oxygen, copper oxide and ammonia, and the reduction of oxides 
by hydrogen. 

Pupils should be told that equations must be written in terms of 
known substances with satisfied valencies. Errors such as 
Kao, « KCl -f o, 

and CuO -b 2Ha « CuOa, -f- H, 

are more difficult to correct and they can only be avoided by 

experience. 

More advanced equations 

Equations are treated in outline when first introduced, but greater 
precision is expected in later years. Several of the points previously 
discussed will still be causing trouble. The teacher will probably find 
that some pupils are almost incapable of writing correct equations. 

Increasing familiarity with symbols, formulae and equations makes 
it necessary to warn pupils that merely to be able to balance cqua- 
tions correctly is not learning Chemistry. Equations must be used 
as tools, and it must be understood that each symbol represents a 
definiic weight of an element, and that the volumes of gases reacting 
and produced in an equation are clearly conveyed by their coeffi- 
cients. It is advisable for the pupil to work out a number of suitable 
arithmetical problems. At first the arithmetical operations involved 
should be as simple as possible. At every stage the problems should 
be connected with the pupD’s own work and whenever possible with 
everyday problems. Indeed, the solution of suitable problems in- 
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creases the pupil’s knotviedse of Chemistry, and makes him rate 
Sriages^f learning Sre use of equations. He nught attempt 

''fXofVure-blearehca^dstrongly.^^^^^^^^^ 

of 0) cilcL o'ide. (ii) carbon dioxide, formed. What we.ght of 

't i^Kit':frk:^r.:re.”«m Us whe„ s. .. of 

«i:!frmaytheomtioah^eexra^d,i^ 

pure haematite (Fe.Oj), and »hat rsctgh , ^ , carbon? 

Letion. if itis assumed that ,"r 

What weight of (i) sodium 

(iii) calcium oxide, will indivrdually neutrairze 4 u g. o p 
““i^’calculate the weigh, of oxygen evolved by heating strongly 
' ^r^^ht’if'zincis required to yield 2 Hues of hydrogen a. 
N.T.P.. using excess of drlute “'Pj”"' “ exposed to the 

7. A shopkeeper left mw f„g he sold this for 6d. 

aifsotbataresi<iuc,NaiCO,-H» ‘ . or one pound of pure 

per lb. Which is the better value: the residue, or p 

washing soda at 4d. per poun ,_,l rt SO, neutralizes 1 Hue 

S. What volume in litres of twrec-normal H.SO, 

ofNNaOH? 

For Ure majority, — 

tended, so that pupils may bo hd^ ' ^ round this 

limitations. An instrucuve^ class^might make suggestions 

fact. The members of an ‘“"“‘g” . „„ detailed information as 

of the following type:-an ; e. if they react as solid, 

to (o) The physical state of the chemicals, 

liquid or gas. . ly, j e. if equilibrium is estab- 

(t) Whether the change IS reversible, i.e. 11 q 

“'“■The condiUons for carrying out the reaction, e.g. rf heat IS 
Ti;«oteemken.oeo.npj«to«^^^^^^^^^ 

(c) Heatchangcs,i.e.tfthereaci 
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(/) The presence of another medium (usually water), in which 
reaction takes place, the effects it produces, or the concentration of 
the reactants in the medium. 

Such criticisms help to show pupils that equations should be used 
as an aid only, and that standing alone they cannot supply complete 
information. 

Misconceptions may corns out during class discussion, after pre- 
paring crystals of magnesium sulphate by neutralizing dilute sul- 
phuric acid with magnesium oxide. An entirely erroneous idea may 
be obtained of the quantity of water form^ in such a change. 
Demonstrations of passing dry hydrochloric acid gas over a heated 
oxide show the pupil that lilile liquid water forms. Moreover, a 
chemical calculation shows that large volumes of hydrogen and 
oxygen must be burnt to produce any appreciable weight of 
water. 

In summarizing the solubility of ammonia in water the pupils 
write the equation NH* + H jO » NH 4 OH, not realizing that only a 
fraction of the gas undergoes this chemical change and that most of 
it dissolves physically. Examples of similar changes will occur to the 
teacher, and in every case the pupil should be informed definitely and 
accurately of his errors. 

Later, the student discovers that both teacher and text-book may 
have used completed equations to summarize certain reactions which 
do not in fact occur. The action of concentrated nitric acid on zinc 
depends, for example, on the concentration of the nitric acid. A 
number of gaseous products result including NO*, NO, NjO, N*, 
NHj.OH; and although equations may be written for each stage it 
is usual for more than one reaction to occur simultaneously. 
Examples of such reactions are: — 

Zn + 4HNO, = ZnfNO*), + 2NO, + 2H,0 
3Zn + 8HNO, = 3Zo(NO,), + 2NO -f 4H,0 
4Za + lOHNO, = 4Zn(NO0* + N,0 + 5H,0 
Again, the formation of these gases is often explained by assuming 
that nascent hydrogen reduces the nitric acid- Tlus is only a teaching 
device, and it is doubtful if the following reactions actually occur: — 
HNO, + H « NO, + H,0 
2HNO, + lOH = N, + 6H,0 
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Many chemists doubt if the catalytic action occurring in the lead- 
chamber process for the manufacture of sulphuric acid occurs as 
follows: — 

2NO + O, * 2NO, 

NO* -h SO, =* SO, -i- NO 
SO, + H,0 « H,SO, 

In balancing reactions involving a knowledge of more advanced 
Chemistry, a teacher might usefully draw on his experience to help 
students as follows:— 

/. It should be shown that reactions in Organic Chemistry differ 
in certain respects from those occurring in Inorganic Chemistry. 
Clear explanations should be given of different types of general 
reactions with iJiustrative equations, e.g. substitution, addition, 
hydrolysis, acetylation, etc. Ejumplcs of reactions in Inorganic and 
Otganic Chemistry, such as the following, should be compared:— 

NaOH + HNO, = NaNO, + H,0 
C 4 H, + HNO, » C,H,NO, + H,0 

and the possibility discussed of the second reaction proceeding 
further, e.g. to give CjHifNO,),. 

Again, chlorine displaces hydrogen stage by stage in benaae, form- 
ing c,H,ci, c,H*a,. c,H,a„ c,H,a4, c,hci„ c,a,. 

The existence of isomerism and the complexity of organic mole- 
cules should also be noted. 

2. In advanced Chemistry equation-building becomes complicated 
when dealing with complex ions, i.e. carbonyl, cuprammonium, 
cobaltimtrite, ferrocyanide, ferricyamde, anunine, mercuro-iodide 
and double salts; for example:— 

Hg.a, -f 4KI = K,(He/4) + 2Ka + Hg 

3. Certain reactions may be understood more easily by supposing 
that a molecule of the reacting substance is subdivided, e.g. 2 KMn 04 
can be written as K,0.2MnO.50 showing that in the presence of 
dilute sulphuric acid: — 

SKMnO* 3H,SO* = KtSO, + aMnSO, -f 50 + 3H,0 
and that two molecules of poussium permanginate thus give 5 atoms 
o 
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of oxygen representing 10 atoms of hydrogen; and therefore that the 
equivalent weight of potassium permanganate is 

molecular weight 316 ^ 

io - — -31-6 

Similarly KjCrjO, can be considered as Kt0.Crj0,.30. 

Typical reactions in volumetric analysis are therefore represented; — 
2KMnO< + 8H,SO< + VOFeS04 

= KjSO, + 2MnSO* + 5Fcj(S04), + 8H,0 
KjCrA + 8H,SO* + 6FeSO.' 

= 2KHSO4 + Cr»(SO0, + 3Fe,(S04), + 7H,0 
2KMnO* + 5SO, + 2H,0 « 2KHSO4 + 2MnS04 + H,SO* 

4. Later, the student should be introduced to ionic reactions and 
instead of writing 

AgNO, -f NaCI « Aga 4* NaNOj 
should write Ag'*’ + Cl” = AgCl 

and instead of Zn 4- H4S04 =* ZnSO* + Hj 
Zn + 2H+ » Zn++ 4- H» 
and the reactions in S above ate given as follows: — 

MnO; 4- SH*- 4- 5Fe^ * Mn*+ 4- 5Fe+-++ 4* 4H,0 
or Mn07 4- 8H+ 4- 5e ==. Mn++ + 4H,0 


Chemical equilibrium 

The algebraic aspect of a chcndcal equation often makes a reaction 
appear too definite so that it tends lo be regarded independently of 
the actual experiment. The dynamic point of view of reacting 
chemicals should be stressed, the action of steam on iron gives an 
early opportunity for explaining the nature of chemical equilibrium. 
Pupils should be shown that all four substances (iron, steam, iron 
oxide and hydrogen) are present, and that the first two arc gradually 
used up as the change proceeds. The chance of a reversible reaction 
ocaimhg may be mentioned when outlining in simple words ifie 
law of mass action. 

Again, when marble is strongly heated with a blowpipe, the change 
must be pictured as a gradual one. The equation 
CaCOj « CaO 4* CO, 
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represents the change on the outer surface of the marble only, as the 
remainder is still undccomposed. Gradually, however, the reaction is 
completed and quicklime remains. 

In a similar way, many first-year pupils think that any reaction is 
instantaneous. They write a balanced equation, and believe, for 
example, that a piece of calcium carbonate neutralizes a test-lube 
half full of dilute acid in a feiv seconds. The best corrective is to 
demonstrate the action in order to show that the solution of the 
calcium carbonate takes several minutes. 

Some examples might be specially considered in order to con- 
nect the gradual completion of reactions with their corresponding 
equations. In an experiment with carbon dioxide passing through 
lime-water, the gradual formation of calcium carbonate, or the dis- 
appearance of the calcium hydroxide, is shown by the increasing 
milkiness. The maximum turbidity can be roughly estimated, indi- 
cating the completion of the first stage:— 

CO, -f a(OH), = CaCO, + H,0 

The excess carbon dioxide then slowly dissolves the precipitate, 
forming calcium bicarbonate. Finally, the action corresponding to 
the equation 

2CO, + Ca(OH), = Ca(HCO0» 

is completed. The reverse action, giving calcium carbonate, can be 
shown by heating the calcium bicarbonate solution. It should be 
pointed out that these reactions are quantitative and attain com- 
pletion slowly owing to the varying conditions. The carboa dioxjde 
has a low solubility and there is only a small surface-area of solid 
carbonate upon which the reactions can take place (owing to the 
adhering bubbles of carbon dioxide, the sinking of the calcium 
carbonate, etc.). 

It is useful to illustrate this reaction further by discussing the 
setting or hardening of lime-mortar, which is a gradual reaction 
between tlie carbon dioxide of the air and the slaked lime. Calcium 
carbonate slowly forms, but even after manyyears much of the slaked 
lime inside is still unchanged. 

Alternatively, reference can be made to the steady completion of 
quantitative changes, owing to the conditions. Examples are; titra- 
tion experiments with a solution of standard silver nitrate and a 
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soluUou of sodium chloride; the oudatioti of mercury in air; or the 
beating of copper nitrate. When these experiments have been in pro- 
gress for a short time the balanced equations show the state for only 
part of the substances which have reacted or decomposed* and until 
the exact equivalent quantiries have reacted (or d^mposed) the 
equations cannot be in their entirety. It is wrong to assume that 

an equation represents an instantaneous reaction which is complete 
and definite. 

Conrideration of the kinetic theory of molecules might beattempted, 

wnth bri^tei classes, to illustrate other reactions. The theory should 
certainly be outlined when describmg and explaining the diffusion of 
gases. It also helps in understanding the definitions of saturated 
solutions and otha equilibria. 

The atomic theory 

The majority of Cheoustiy teachers continue to teach Dalton’s 
modified atomic theory in the early years, the newer views of the 
electronic structure of the atom being postponed for three or four 
years. This method of treatment is advisable. The idea of small 
spheres representing atoms serves as a useful teaching device for most 
t^g^ers. Later, the few individuals who specialize in Chemistry can 
readily modify tbdr existing ideas according to the theory of elec- 
tronic structure. In the rare cases whore students be^ the study of 
Cbemistiy at the university or technical college, there are fewer 
objections to introducing the clectionic theories at once. 

The young teacher must be prepared to answer awkward questions. 
Pupils criticize the definitions of atoms and molecules; they ask for 
details of the sizes of atoms, and they want information on the 
methods of detennining these sizes; while other pupils find difficulty 
in grasping the conception of atoms and molecules and their reac- 
dons. Interesting comparisons of the sizes of and molecules are 

given in text-books, and pupils thus gain some idea of their minotC' 
ne^. Suitable ref^ence b^ks on rhw, and simitar ma tfrrs, should be 
kept in the school library. 

Pupils find it difficult to understand the difi^esce between the two 
definitions that: the smallest part of a substance to have a place in a 
chemical change is an atom, but the smallest part to exist alone is the 
molecule. Mudi r^tedtion and explanation must follow before it is 
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realized that atoms of most gaseous dements (wcept the inert gases) 
cannot exist alone, and that the formula for the molecule represents 
two atoms. 

More difficulties may arise when pupils try to correlate their prac- 
tical work with so-called explanations offered by the atomic theory. 
This type of difficulty is not often met with, since the majority of 
pupils accept the explanations of teacher and text-book. Some of the 
more intelligent pupils, however, ask why the active element sodium 
forms inactive s^ium chloride when it is burnt in the green poison- 
ous chlorine. Why should carbon monoxide be poisonous and carbon 
dioxide not? Why is mercury a silvery colour and mercuric oxide 
red? Why is litharge yellow and the higher oxide red? It must be 
stressed that Chemistry describes rather than explains such changes. 
It might be stated Uiat the properties of a compound are different 
from those of its elements— a mere description. Other pupils may be 
referred to the physical properties of diffcrcntallotropes. Phosphorus 
ts red or white, and one allotrope can be converted into the other. 
It has been suggested that the differences between the two may be 
accounted for by polymerizau'on or pol^orphism. Thus the colour 
of the individual atoms does not necessarily give the colour to the 
collective mass. The number and arrangement of the atoms and 
electrons no doubt influence the physical properties. Veiy little is 
known about the connexion between colour and structure, and the 
pupil should be told so. 

It may be necessary to outline the above points to satisfy older 
inquiring pupils, and to admit that definitions of the chemical laws 
and the atom arc bang modified. At least a warning roust be given 
to prospective teachers of the varied types of question ask«l by 
intelligent pupils. These questions must receive consideration and the 
inquirers must be satisfied as far as their knowledge and intellect 
permit. The teacher should not, however, hesitate to admit that cer- 
tain facts are unknown or too difiicult for hint. If the latter admission 
is properly made, it indicates the vast extent of Science and not the 
ignorance of the teacher. An attempt to avoid answering gives a very 
bad impression. 

Scientific doubt and altitudes 

As previously mentioned, the law of constant composiUon and 
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Other laws cannot be maintained with the same rigidity as they were 
in the last century. Students in senior classes roust be imrcxluccd to 
the idea that elements have isotopes and that their existence raodifi« 
ihesimpledcfinitions Icamt in the early years. Thus, lead has isotopes 
of atomic weight 206, 207, and 203, and litharge may have a mole- 
cular weight of 222, 223, or 224. 

It should be menu'oned that in Science a Taw’ is simply a state- 
ment of a sdentific ‘truth’, Le. it is a summary of the sc^tists’ 
knowledge of a certain subject, and it is convenicniiy expressed 
according to wntemporary ideas. (The law of a country or district, 
civil law, is quite difierenL It consists of rules made by man to con- 
trol the condua of individuals and society, and it is possible for these 
rules to be broken by accideat or design.) A scienti^ law cannot be 
‘broken’, because it is merely a statement of known facts and rela- 
tionships. It is possible that at a later date such a statement may be 
proved incorrect, owing to new observations or the discovery of new 
facts— and then it has to be altered or abandoned. 

Thus pupils see that sdentific truth is limited in scope. A sciestihe 
law is a statement of what is likely to occur under certain conditions. 
Experimenis have shown that it has been true up to the present, but 
futme invesdgacioas may necessitate a modification and ^e formula- 
tion of a new law to fit the existing facts. The idea that theories, and 
even the laws and facts of Ojcmistiy, are of a temporary nature 
should be put before the seiuor students. 

Teachers should not pretend that Chemistry presents its know- 
ledge with conclusiveness. Instead, stress should be laid upon the 
methods used by the early chemists ia overcoming their diiSculiies. 
For example until the compounds sodium hydroxide and potassium 
hydroxide were decomposed by thceJeciriecutreat they were thought 
to be elements. Such ideas were sot permanent, but, like many of the 
older theories, were discarded after serving their purpose. The 
Chemisiiy teac h e r must point out continually, preferably with the 
use of examples, that Cbexmstiy is always advancing: indml, that it 
changes every day. Thus he can show that it is often imposable to 
explain fully, or solve a problem with precision, at a particular time. 
I nflue n ce s are at work today whi^ arc modifying the views and 
opinions taught in schools, and this is especially noticeable in the 
efl'ect of recent theoretical advaiKcs on radio-activity, the atomic 



THE TEACHING OP CHEMICAL THEORY 195 

bomb, Ibo structure of the atom, ‘htavy’ hydrogen, and high 
pressure and catalytic syntheses. 

Thus, the teacher will lead the students to appreciate that 
Chemistry has its limitations. Its functions are concerned with 
rational values and devising techniques for material purposes. The 
methods of Chemistry are restricted and cannot be applied on their 
own to solve problems and interpret data concerned with morals, 
laws and politics. Properly taught. Chemistry, Uke other branches of 
Science and in conjunction with them, ought to help the student to 
think clearly and develop attitudes such as: — 

Man’s idea of truth is continually changing owing to new dis* 
coveries, inventions and ideas — ^what is accepted as a fact today may 
be rejected tomorrow — listen to the views of others, but do not 
accept them unless you have reason to believe they are correct— test 
opinions by experiment, observation and authoritative views— do 
notarrivcataconclusion without due consideration— find out which 
authorities arc reliable and how to obtain iheJatest accurete ioforma* 
tion^hemists have many unsolved problems before them, but their 
successes up to date provide conclusive proof that their methods are 
sound— effects have causes; and orderliness, in general, prevails in 
Nature. 

The teacher himself must believe in these generalizations, and 
must consistently apply them as part of his teaching technique. 
On occasions he should certainly list (hem for his students’ con- 
sideration. 

Modern research in Chemistry 

The pupil should realize that, in their search for knowledge, chem- 
ists are bo til scrutinizing earlier work and preparing new compounds. 
Suitable training may lead the pupil to scan the scientific journals and 
to notice, for e:xample, that oxides of fluorine were isolated in 1927 
and 1933, and sulphur monoxide in 1933. On his own account he can 
(if necessary) bring the text-book information up to date, correct- 
ing the statement that fluorine will not form a compound with 
oxygen. 

Certain text-book slaieracnts again are controverted by the com- 
paratively modern research of Sir Charles Parsons. He criticized the 
work of Moissan on the conversion of charcoal into diamond, which 
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is Still quoted in many Chemistry text-books. In his Bakcrian Lecture 
to the Royal Society, 1918, he stated that: — 

(i) If carbon is melted or vaporized under a pressure of 15,000 
atmospheres it docs not Crystallize as Crookes and Moissan supposed 
it would. 

(ii) Moissan’s supposition that a great pressure was produced by 
quenching molten cast iron is erroneous. 

(iii) If instead of quenching the roollcn iron, the mass is subjected 
to a pressure of 100 tons per square inch, less crystalline residue is 
obtained. 

He concludes that diamonds have not yet been made in the 
laboratory, and that the investigators have been led into thinking 
that various transparent singly-refracting minerals, which happen to 
resist the action of drastic chemical reagents, arc diamonds. 

In 1936 Hershey, in the U.S.A., made many small diamonds by 
heating gum arable and iron filings in an electric furnace at a 
temperature between 4,000* and 5,000® C. The largest weighed 
0 03 carat (« 0 00065 g.). 

A discussion of Baker’s work on the drying of chemical substances 
is illuminating, since it refers to experiments performed in the school 
laboratory. He showed that dry oxygen will not support the combus- 
tion of carbon or dry sulphur. Carefully prepared calcium oxide 
and ammonium chloride, after drying for seventeen days, liberated 
no ammonia, when mixed and heated. Details of Baker’s investi- 
gations could be extended. It has been shown by others that pure 
nitric acid, free from water and oxides of nitrogen, does not attack 
pure copper, silver or mercury. Pure anc is not attacked by pure 
sulphuric acid or pure hydrochloric acid. 

Many other topics should also receive attention; e.g. amorphous 
carbon probably consists of very minute crystals; the luminosity of a 
Bunsen burner flame disappears not only when enough air is admitted 
through the air-holes, but also if other gases are admitted; solution 
may be chemical or physical, and it is often difficult to distinguish 
between the two. 

Chemists believe that the law of conservation of mass must now 
be modified, since matter can be converted into energy. The precise 
reactions occurring when iron rusts, when magnesium is heated in 
a crucible or test-tube, and when copper reacts with concentrated 
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sulphuric acid are not clearly understood. The precise formulae 
of bleaching powder and Prussian blue are not Icnown. 

Discussion may centre round catalytic action in chemical reactions. 
Reference should certainly be made to the newer researches on the 
syntheses of alcohols and other solvents; the hydrogenation of coal 
and the manufacture of lead tctra-eihyl motor-spirit; the synthesis of 
rubber, nylon and plastics ; the extraction of magnesium and bromine 
from sea-water and lakes; and the manufacture of sulphuric acid 
from caldum sulphate. 

The treatment of these subjects shows that Chemistry is still 
developing. Students in senior classes realize that elementary text- 
books arc written in a simplified form for the benefit of the non- 
spedalist, and that in later years these general principles and simple 
facts need to be extended and modified. 



CHAPTER X 


The Varied Influences of Language 
on the Learning of Chemistry 

Using scientific language 

Wheo modern ^ence began to develop in the seventeenth century, 
men of Science realiied the need for a specialized language, so that 
they might express their views clearly and define their ideas precisely. 
The Royal Society was founded in 1660 with:— - 
‘A constant resolution ... to reject all aroplificalions, digressions, 
and swellings of style. . . . They have exacted from their members 
a close, naked, natural way of speaking and bringing oh things as 
near the matbemaucai plainness as (hey can.* 

Lavoisier’s influence on the systematic naming of elements was a 
further advance when, for example, the terms phlogiston and de> 
phlogisUcated air became obsolete and the names hydrogen and 
oxygen were introduced. 

In 1918 the Report on Natural Science in Education pointed out 
‘All through the Sdence course, the greatest care should be taken 
to insist on the accurate use of the Eo^h language. The longer the 
time given to Science, the greater becomes the responsibility of the 
teacher In this matter.* *lf be (the pupil) has been doing an experi- 
ment he should at least be able to describe what he did and what he 
saw in simple and comprehensive language, in the plain English of 
educated people. The conventional jargon of laboratories, which is 
far too common in much that is written in pure and applied Sdence, 
is quite out of place in schools. The Sdence master cannot be allowed 
to repudiate responsibility for the English in which the work of bis 
class is written,’ 

It is a common complaint of Chemistry teachers that during the 
early years the correction of note-books means a correction of mis- 
takes in English rather than of fact In Chemistry the written work 
is sometimes marred by illepbility, untidin«s and bad spelling in 
addition to lack of effective description in simple terms. This is partly 
due to the limitations of the laboratory. Notes must be written while 



the varied influences of language 1 « 

U.C pupiUs su, roundel b, Rppa«.-Ob.rva»^^^ 

limprcsHons recorded a.^ 

cap Ihepupil la ^ ^ ‘ k 1, is often advisable, therefore 

of doing well-aoanged written rvorl. ins o 

to allow pupils to make roug amplify these for homewoik. 
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Alternatively, full notes M be cleared, or by using side- 
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or emoUon, and because of '^ jj^„ol necessarily the symbol of 
conversaUon and literalum e „iU.in fairly deSmle 

a definite circumsenbed idea, it ^; ,if.c words ate mote precise 

limits, a wide variety of idea or object. They ought 

and arc usually associated intended, so that they 

to convey no other meaning from the stncier saen- 

not give rise to a popular “ obtain a definite nomea- 
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Thus, words used in Science and derived from Greek and Latin 
are more likely to possess an exact meaning, free from the misleading 
interpretations of popular thou^t which might be associated with 
words of one’s own country. The bnguage of Chemistry should have 
no association with personal prejudices or the emotions. The terms 
used can be precise, the names of numerous compounds can be easily 
constructed from the same root, and by adding suffixes and prefixes, 
which do not vary in meaning, the concept can be limited or ex- 
tended precisely. In addition, most countries use the same termino- 
logy and a scientific language, which should be intelli^ble to all 
nations. Thus, the advantages of a spedal scientific language are that 
great exactness in nomenclature can be obtained, and special 
apparatus, chemicals and reactions can be described with precision. 
These words should he used in technical discussions where it is 
desired to lume a process rather than to describe iL The teacher 
should accept the principle that clear lo^cal thinking necessitates the 
correct use of words. Since the pupil reasons by the use of words, he 
must always write exactly what he means; and his accounts should 
be so precise that there U no doubt of his meaning. 

Seientijic facts known to beginners 

Much Interesting work has been done on the content of a child's 
mind. An American investigator found that the concrete experience 
of children entering primary schools diflered very greatly. Of town 
children, 6 to 7 years of age, entering school 

54 per cent, knew nothing of sheep; 

61 ,, ,, had never seen a potato growing; 

3S „ „ did not know what clouds are; 

35 „ „ did not know what a circle is. 

Similar results would no doubt be obtained if pupils bc^nning 
Chemistry were tested. 

An analysis of r^ults collected by the writer supports this. Sets of 
replies were obtained each year from nioety-three boys and girls, 
aged 11 to 13. Twenty-three bad previously been taught elementary 
Sdcnce, and a few of these even introduced formulae in their replies. 

The following replies show that care must be taken to determine 
what difficulties in language face the beginner. The numbers in 
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brackets show the average numbers of answers given by the 
pupils. 

(a) Mercury is a liquid (73), a soiid (IS), a gas (2). 

(.b) Air is one substance (2), or more than one (90). 

(c) If sugar is put into tea and stirred some disappears. Wliat 
happens to the sugar? Dissolved (82). Melted (6). 

(d) If sand is put into water and It is warmed, the sand will not 
disappear. What word is used here? Insoluble (9). Remainder gave 
wrong answere. 

(e) Give another word for combustion. Burning (9). 

(/) What is the lightest gas known? Hydrogen (14). 

(g) Name an acid you know. Sulphuric acid (18). Carbolic acid 
(IS). Nitric acid (10). Hydrochloric acid (8). Tartaric acid (2); and a 
few other acids occurred once. 

Such tests, even on a small scale, indicate where difDculties are 
likely to occur. Suitable tests should be given each year to obtain 
some idea of the pupils' knowledge of facts and to determine what 
words or phrases may be merely mentioned, and svhich must be ex- 
plained In detail. The facts known to the child tvill vary with home 
background, sex. type of school and locaJiiy. The difficulties will be 
greater in spools which draw their pupils from a wide area. Some 
pupils from primaty schools (aged 11 to 13) may come with a sound 
background of scientific facts, but, on the other hand, others will 
have been taught by inappropriate methods, the effects of which will 
have to be remedied. Consequently, a teacher often begins to teach 
Chemistry to pupils differing widely in experience and knowledge, 
and it can therefore be seen how essential it is for him to have some 
idea of the pupils’ capacities. 

Scientific words in periodicals end newspapers 
After a few months' study of Chemistry, the pupil becomes familiar 
with many new terms, and if he has been carefully taught he should 
appreciate their true meaning. If the general principles discussed in 
iWs chapter are borne in mind, the right approach to the iadividual 
problems of outside reading, note-iaking, and the writing of clear 
and condse English can then be made. 

The training in language appreciation should enable pupils to read 
a newspaper article or a popular science book with intdligeoec. 



202 TEACHING OF SECONDARY SCHOOL CHEMISTRY 

This means that preparation would be made in Science lessons for 
recreative hours in the years to come. Our pupils should be so- 
trained that they can read and appr^iate news of recent research 
worlr, and it is most helpful to refer to this in simple language in 
class. The pupils should, if they wish, be able to take up a craft 
which includes applications of &iencc, and they should be able to 
understand the instructions given in simple and popular practical 
books. 

la most couaines, llitk research appears to have been done on 
the proportion of scientific words appearing in periodicals and news- 
papers. From data obtained from American newspapers, however, 
it is found that the addition of one thousand new words to a child's 
vocabulary does not greatly add to his ability to read the daily press. 
It was found that out of 271,663 words occurring in six American 
newspapers 12,802 were scientific. As a percentage, the number of 
scientific words was 4-2 of the total. In contrast with this there were 
only 3*6 per cent of uncommon words, and 32*7 per cent, of these 
were scientific. The number of scientific words occurring in repre* 
sentative American magazines has been counted, and it is found that 
most of them are biological rather than chemical. When chemical 
words occur they are often from the vocabulary of advanced rather 
than elementary Chemistry. At present most of these words arc con- 
nected with atomic structure and biochemistry. 

It is thus seen that a training in the speciali^ language of Science 
is an important part of each pupil’s education, and great care should 
be taken to ensure that the many dilRculUcs encountered are effec- 
tively removed or minimized by thoughtful teaching methods. 

Learning chemical names 

In his first few Chemistry lessons many unfamiliar substances are 
introduced to the pupil, and the teacher must be careful not to fall 
into the mistake of Uiinking that the mere names recall as many 
properties to the pupils as they do to more mature minds. The begin- 
nerV faces arc not onfy ftw but ihqr arc scattered. Some few pupifs 
remember the names of chemicals after once using them, but more 
often it is necessary to mention the names and properties time after 
time, as suitable occasions arise. It is helpful, after using groups of 
chenucals of similar appearance such as potassium chlorate, potas- 
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chemical ils correct name from the beginning. Unfortunately, some 
common substances have more than one name. It is helpful to write 
on the blackboard all the names of such a substance when it is first 
mentioned. Thus, when potassium nitrate is first used, the names 
potassium nitrate, saltpetre and nitre arc written on the blackboard 
and bracketed together. A common substance such as baking*soda 
has three chenucal names, sodium hydrogen carbonate, sodium acid 
carbonate, and sodium bicarbonate. It might be noted here that 
sodium hydroxide is also known as caustic soda and sodium hydrate. 
The latter is, unfortunately, often sand-blasted on reagent bottles 
and printed on labels, and therefore must be mentioned; but it is 
entirely wrong, and so should never again be used by the teacher. 
Further, tlie Greek prefixes, mono-, di-, iri-, and the Latin uni-, bl- 
and ter- are usually intcrchaageabte (although dicarbonate and bi- 
oxide are never used), and the young pupil has to learn both systems. 
The general tendency, however, is to use Greek, and a word such as 
divalent is often used when bivalent would be more correct by 
derivation. 

It is extremely difficult for a teacher to explain why some terms are 
preferable to others, and this aspect is one that needs his close atten> 
tion. It will ^pUfy matters for the pupils if a definite system for 
naming chemicals is used in the lower classes. Later, however, the 
pupils become familiar with synonymous words. 

The correct naming of apparatus is another difficulty encountered 
by many young pupils. They resort to the use of names such as bowl, 
vessel, jar and bottle as substitutes for the correct names. The writer 
has known a flask referred to as ‘a globe lube*, and a gas-jar lid 
called ‘a circular, flat piece of plain glass’. Crucibles are frequently 
confused with evaporating basins, and crucible tongs are called 
forceps or pincers. If flie teacher finds that such difficulties are likely 
to arise, incidental teaching is not enough, and the names must be 
definitely tau^t. 

Suitable tests should be given at intervals to find out the sort of 
difficulties caused by technical language, for it must be realized that, 
if an unfamiliar or abstract term cannot be connected with a known 
one, or with a concrete experience mental dissatisfaction soon arises. 
The Chenustry course must therefore cultivate a gradual growth of 
ideas, and the pupils* own experience must be the starting-point. The 
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young teacher may soon discover that the pupil is experiencing 
ditlicuUy not only in understanding, but also in learning, this special- 
ized language. A minimum number of carefully graded technical 
words should be introduced, but only when they become really 
necessary. 

Teachers themselves differ in their views on the correct use of 
quite simple terms. Thus, millilitre (ml.) is certainly being increas- 
ingly used instead of cubic centimetre {c.c.), but there is little uni- 
fonnity in the description of collecting gases by displacement of air, 
depending on their densities. Authors describe the collection of gases 
with a greater density than air os by: — 

(t) downward displacement, (ii) upward displacement, (iii) down- 
wards by the displacement of air, (iv) by the displacement of air 
upwards, (v) downward delivery. It almost appears advisable to state 
that the gas is denser than air and to give a labelled sketch of the 
apparatus used. 

If ordinary words express an idea dearly, they should be used. In 
any case some of the methods used effectively in the teaching of 
modern languages, including vocabulary-selection, should be 
adopted. In the first year it Is unnecessary to use words such as 
aIlottope>-white and red phosphorus suffice. Later, it is essential in 
theinteresis of both economy and predsion to know the meanings of 
words, as far as they apply, sudi as oxidation, reduction, liquefac- 
tion, deliquescence, and catalysis. The teacher himself, at this early 
stage, must be careful to explain the meaning of the terms he uses. 
He may unconsciously mention words beyond the pupil’s range of 
knowledge, such as effervesce, combustion, stable, reaction, ore, 
nuncral, qualitative and quantitative. Many of these scnu-teclinical 
words are rarely used in ordinary conversation. It is not easy even 
for adults to explain the difference between melt and dissolve, pure 
and impure. 

Research show's that a school pupil may be exported to learn 
between 800 and 1,000 new words yearly in a foreign language, and 
special attention is accordingly given to learning the new vocabulaiy. 
In Chcralstiy as large a number of words and definitions is expected 
to be learnt, often, however, by inddental hearing and reading 
rather than by specific teaching and learning. 

Few definitions should be given in the early work, and all terms 
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must be used with care and exactness. The young teacher must ask 
himself many questions when arranging the laboratory work. How 
much of tlie vocabulary does the pupil really understand when he is 
carrying out laboratory instructions? Do certain words convey an 
exact meaning to him? How much of his normal vocabulary will be 
of use to him in the laboratory? There are occasions when the pupil 
receives practically no benefit, because the problem is approached 
from a mature point of view in language far above his head. He 
struggles with t^nicaJ phrases, and often the object of the experi- 
ment is obscured completely by the unfamiliar terminology. This the 
young teacher will soon discover for himself, and he must be par- 
ticularly careful to avoid using the chemical jargon familiar to him 
from his university reading. Unless he attempts to grade his language 
and explain and define bis terms with care, pupils will fail to under- 
stand him and therefore miss many points. A few pupils may ask for 
explanations, but more often the teacher will have to rely on lu's own 
observations to discover if he is adapting his language satisfactorily 
to the standard of the pupils. 

When the pupils have to answer written questions, similar difficul- 
ties arise. In one examination when young pupils were asked to 
‘enumerate the properties of carbon dioxide, etc.’ more than half 
the form were unable to tackle the question because they did not 
understand the meaning of ‘enumerate’. A boy may understand 
‘change’, but not ‘reaction’; he may remember that ‘common salt 
colours the flame a golden yellow’, but not that 'sodium chloride is 
volatile in the flame’; he knows that sodium hydroxide absorbs 
water, but docs not understand ’deliquescent’ and ‘hygroscopic’. 

Dejinitions and terms. — Most pupils ate satisfied with the exactness 
of the few definitions they arc required to learn in the Chemistry 
course. As the course proceeds, however, a few of the more thought- 
ful pupils question the accuracy of the wording of certain definitions. 
For example, a saturated solution is often defined as ‘a solution 
which will dissolve nq more solute at a given temperature’; later, a 
super-saturated solution is prepared, and the earlier definition is 
questioned. A more satisfactory way of defining a saturated solution 
is ‘a solution that, at a gjvcn temperature, neither dissolves nor 
deposits any of the solute with which it is in contact’, or ‘a solution 



THE VARIED INFLUENCES OF LANGUAGE 207 

which contains all the dissolved solute that it can acquire from the 
undissolved solute at the tcrapcraturc in question'. 

Again, the intelligent pupil queries the truth of certain definitions 
in the light of modem research. For these pupils the definition of an 
element, ‘a substance which cannot be split up into simpler sub- 
stances’, will have to be amended by substituting *an ciement is a 
substance which cannot be split up by ordinary chemical methods 
into simpler substances’, or ‘a substance all of whose atoms have the 
same nuclear charge’. The latter definition will satisfy advanced 
students and will avoid trouble when dealing with isotopes. 

Another interesting point which a Chemistry teacher will en- 
counter is the occasional lack of agreement in the meaning of 
common terms. For example, pupils may use ‘strong’, meaning 
‘active’, in describing the tendency of an element such as oxygen to 
enter readily into combination with other elements; or to mean 
’stable’ in stating that copper oxide will not decompose. ‘Strong acidl 
and ‘Uie strong solution of an acid’ are oiles used indiscriminately. 
The use of ‘strong’ in the first two cases must be definitely forbidden, 
and in Uie last example it is better to use ‘concentrated’ when refer- 
ring to a solution. 

The following have the some mcaniog:->water of hydration and 
water of ciystalliratlon; laws of constant composition and fixed 
proportions; hydrochloric acid gas and hydrogen chloride; thio- 
cyanate and the older word sulphocyanide. 

A mistaken tendency is to explain a phenomenon by means of a 
term. A pupil should not think that the term ‘catalysis’ explains the 
action of manganese dioxide in accelerating the evolution of oxygen 
from the ‘oxygen mixture’: it classifies the reaction. And it must be 
made clear that the so-called explanations of Chemistry usually get 
no further than describing the observed facts in lucid terms. In this 
example, the formation of intermediate compounds suggested by one 
theory gives a partial explanation, and mu^ research work is now 
directed towards finding both why and how such catalytic reactions 
occur. 

Intelligent pupils often experience difficulty in the comparison of 
chemical and physical changes, owing to the lack of clear-cut dis- 
tinction, and the teacher must be prepared for some awkward ques- 
tions. Pupils accept the fact Uiat a chemical change results in the 
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formation of a new substance with new properties, but the statement 
that ‘heat and light are usually absorbed or evolved during a chemical 
change’ may lead to the mention of coimcntrated sulphuric acid and 
water, or of common salt and snow. The teacher must then point 
out that the statement includes the word usually^ and that it does noi 
state that heat changes never accompany a physical change. Simi- 
larly, it must be pointed out that there are reservations to the state- 
ment that a chemical change cannot easily be reversed; the pupil 
may easily get confused when he tries to compare the changes occur- 
ring when, for instance, mercuric oxide and iodine are each heated, 
or solutions of nitre and of ammonia are prepared. The usual 
standard illustrations of chemical and physical changes are satisfac- 
tory, but much help and guidance from the teacher will be needed 
in the selection of further examples. 

An example of a general prindple must be carefully described and 
thoroughly understood, white the principle itself must be stated 
clearly and concisely. 

Training in noie'niaking 

Praaical noto are written up in many ways, and it would be wrong 
to lay down any rule on the subject, since the conditions in school 
laboratories are so varied. Although it is preferable for the pupil to 
enter up his notes in the laboratory as the experiment proceeds, it is 
impossible in many schools owing to lack of space and time. Under 
these conditions, rough notes should be taken in the laboratory and 
a careful and prerise account of the observations and conclusions 
written later. In the later years of the Science course, however, the 
whole of the theoretical and practical work should be written up 
immediately in the lecture-room and laboratory respectively. 

Teachers have their own individual preferences in the matter of 
order and scope of sub-titles. Some pr^cr exact divisions under the 
headings of ‘experiment’, ‘method’, ‘observation*, and ‘conclusions’, 
or purpose, material, apparatus, procftlure, results and conclusions. 
Others try to avoid the repetition, whtrii so often occurs under (he 
above system, by cncomagiog pupils to write original notes. It is 
important, whatever the system used, to train the pupil in note- 
making. This can be done either by putting skeleton notes on the 
bbekboard for the first few lessons, or by going through the work 
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carefully and telling the pupil exactly what is required. While some 
teachers encourage the use of the personal pronoun in laboratory 
notes, believing that in this way the experiment makes a personal 
appeal, others expect Uie imperative to be used, and state that on 
no account must *1’ or ‘we’ be found in the pupil’s note-book. The 
use of the personal pronouns may be allowed in the first year only if 
the teacher is convinced of its usefulness. Later, the imperative 
should be discouraged, and definitely forbidden in the middle and 
higher classes, since careless and lazy pupils do not describe the work 
in their own language, but merely copy down the instructions 
mechanically. Modern scientific literature is written in the post pas- 
sive tense, and the writer recommends that tins style should be 
cultivated in school note-books. 

Many pupils find it extremely difficuU to describe an experiment 
in simple and straightforward language; they use long and compli- 
cated sentences in trying to describe disconnected facts; they use 
abbreviations wrongly. These faults must be corrected. The first 
essential is that short sentences must be used, each describing one 
fact It is not until the pupil is more advanced that he should be 
allowed to combine these sentences to describe two or more related 
facts. Often, the correct use of scientific phrases docs not come 
naturally, so by reading a good pupil’s account, a weaker pupil can 
realize the standard which he must try to attain. The pupil must be 
trained to concentrate on describing clearly and concisdy the precise 
sequence of events, and in writing out correct inferences from these. 

Many educationalists doubt whether pupils derive much benefit 
from writing up at IcngUi fair copies of Uicir rough notes. It is the 
author's view that some method should be devised to reduce this 
rc-writing of notes. It docs not always help pupils to retain facts and 
principles, and conscientious teachers are given far too much correc- 
tion work. Some pupils like writing out long notes and derive benefit 
from such work. Others rarely consult thar own notes and prefer to 
rely on their text-books. Some record of an cxpcriaicnt is clearly 
necessary, since a note-book shows how apupil keeps his records and 
works out his conclusions. Further, a continuous account of a year’s 
work is thus made available and the pupil can be shown that he is 
carrying out Uic methods of (he man of &ience. Much more variety, 
however, ought to be expected, and, wiUt juniors, cuttings from 
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newspapers and magazines, illustrations, accounts of their own 
observations out of school or of thdr own experiments, and notes 
from reference books might be allowed. 

Another method is to use a laboratory note-book specially de- 
signed to give the pupil training in the correct use of words, the 
understanding of deflations and the drawing of apparatus. Such a 
note-book avoids excessive writing of routine notes, and instead 
emphasis is laid on leaming-excrciscs and suitable self-testing ques- 
tions. In the U.S.A., work-books and laboratory manuals are used 
as guides to obviate unnecessary note-making. Such books, devised 
and written by small groups of expert teachers, arc accepted by 
many educational experts as providing a scheme of work which 
cannot be so efficiently organic by the average class teacher. 

An original method is used by one author, who states that words 
which are unfamiliar lo the average beginner should not always be 
avoided. It is inadvisable to try to avoid them by circumlocution, as 
the precise significance of these words must soon be learned. Since 
Chemistry should contribute to the widening of the pupils* powers of 
expre^ioo, he g^ves at the end of each chapter lists of words which 
have to be looked up in the dictionary and learnt— words such as 
corrosion, empirical, incandcsceace and deliquescence. It is not too 
much to expect of pupUs, for the amount of dictionary work is much 
less than that involved in the preparation of ten lines of a Latin 
set-book. 

Symbols, formulae and equations are used by the Science specialist 
as part of his professional training. Much of his work will be written 
in an abbreviated and suemurized form, but only reasonable abbre- 
viations should be allowed; hybrids of the t)pe ‘Fe acetate’ or ‘NaSO*’ 
(sic) should be definitely excluded. This method of writing, however, 
must not be over-emphasized, and some attention should be given 
to the technique of coroporiUou. The complaints from both the 
Education and Science departments of universities that their Science 
students ore unable to write good essays must be considered. The 
most constructive suggestion b lo expect definite essay writing, from 
advanced students, on suitable subjects of historical or descriptive 
interest. It is usually advisable for the subject-matter, forming the 
basis of tbc essay, to be extracted by the pupils from advanced text- 
books. These essays should usually be marked by the Chemistry 
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teacher, but occasionally ilie language specialist should be asked to 
assess their merits solely as compositions. The pupil will benefit by 
criticisms from both teachers, and will realize that language is an 
instrument to be used with care and predsion in every school sub- 
ject. Every teacher is a teacher of language. 

Thus it is dear that, at every stage of a pupil’s development, the 
teacher must consider the best methods of securing the maximum 
benefit from written work. Why should a pupil keep a detailed 
account?— as a mere record of his practical and theoretical studies, 
or so that the teacher can assess the rate of progress in understand- 
ing, observation and deduction? Should a complete account be 
written up, or arc summaries to be allowed? Will the pupil’s note- 
book be used later for revision, or will be discard it in preference for 
a text-book? How far might labelled diagrams help to avoid exces- 
sive note-taking? AU these (Questions must be considered carefully by 
the teacher of Chemistry. 

Extracts from pupils' note-books. —The following extracts may Jack 
precision, but they show keen observation and a power of vivid 
dfiscriplioR rarely found in junior oote-books. ‘Iron is a guo-metal 
colour, with microscopic specks of silver shining througli. On adding 
sulphur it turns a slate colour. ... On heating iron and sulphur it 
turns an amber hue, and an apple-green vapour is evolved. A liquid 
jumps up the test-tube like wine, and black grains can be seen. . . . 
On cooling, the substance passes through various colours. The side 
of the test-tube is finally covered with a mottled, coloured liquid, and 
the compound remaining is a grey ash.’ Such writing should be 
encouraged when it is based on really careful observation- With prac- 
tice, scientific terms may be substituted for the less exact ones, and 
eventually the clear lucid styl^ so necessary in scientific writing, will 
be developed. 

The difference between the dull and the intelligent pupil is very 
marked. The former requires continual attention to help him to avoid 
defects in spelling, lucidity and subject-matter, while the latter pro- 
duces notes of a most readable and satisfactory nature, such as the 
following, written by a boy who had studied Chemistry for only 
eight weeks: ‘Concentrated nitric add is brown owing to some nitro- 
gen peroxide (NOO dissolving in the add vapour in the preparation 
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of the acid. These fumes are formed owing to the decomposition 
of nitric acid by the high temperature of the reaction.’ 

The tmrking of Chemistry note-books 

An examination of the written work ^vcs the teacher a fair idea of 
the progress of his pupils. The errors found in their notes will indicate 
which parts of the course were not understood, and which experi- 
ments were partial failures. A careful record of all types of errors 
should be kept. Itwill prove invaluable when prcparingfuturelessons. 

The usual laborious method of crossing out faults and writing the 
corrections in the margin of the pupil’s note-book can be improved 
upon by subsUtuting one which is of greater educational value. A 
system of notation can be used which refers to the most frequent 
kinds of errors. In this way, the mistake and its nature are Indicated, 
but the actual correction is not made by the teacher. Different nota- 
tions may be used, but it is advisable for the English, General Science, 
Physics, Biology and Chemistry teachers to use similar methods in 
the correction of pupils' note-books — otten a very difficult matter to 
arrange, but well worth attempting. 

In the elementary General Science course, early training can be 
given by the use of a simplified system such as the following:— F, 
mistake of fact; Gr. or G, mistake in grammar; Sp. or S, spelling 
error; UL, illustrate by sketch or diagram. 

In later years the following code of symbols is suggested for mark- 
ing: and each pupil should copy it out inside the front cover of his 
note-book. 

C? or C, What do you conclude from this statement? 

D, Give more details. 

£, Give equation. 

F, Mistake of faa. 

G, Mistake of ^mmar. 

lU., Illustrate by sketch or diagram- 

L, Look up in Chemistry library. 

M, Previous mistake not corrected. 

R, Refer to me (i.e. teacher). 

S, Spelling mistake. 

W? or W, Why do you make this statement? 
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Spelling mistakes should be wrillcn out three limes, and other 
corrections should be put in the margin opposite the error, or at the 
end of the work. This method of correcting saves the. teacher’s time, 
and has a distinct educational value in that it enables t)ie pupil to 
correct his own mistakes and search for the riglit answers from vari- 
ous sources. Moreover, the bright boy, who is often neglected for his 
less able classmates, is given special scope, as the lettering in the 
mar^'n of his note-book indicates which parts of the subject he can 
profitably pursue further. 

Errors In the pupils' noic-books. Alisiakes in spelling, grammar and 
lack oj t/cioi/.— The corrections referred to under the headings ‘G’ 
(grammar), ‘M’ (previous mistake) and 'S* (spelling mistake) arc 
looked up and corrected by the pupils U\cmsclvcs. Spelling mistakes 
may be avoided to some extent by writing the word on the black- 
board and pointing out its structure, so that the spelling of the word 
may be learnt when it is first used. A chart containing (he difficult 
words encountered each year may be posted on the notice-board. 
Further, a list of words and terms whi^ are difficult to spell might 
bo kept by the pupil at the end of bis note-book so Uiat be may learn 
how to spell them. Words such as evaporate, phosphorus, hydro- 
chloric, catalyst, alkali, potassium, paraffin, aluminium and 
ammonium always cause trouble. 

Mistakes are often due to carelessness or slackness. Thus, ‘alcohol- 
ide’ occasionally occurs for *alkali*, ‘nitrogen’ for ‘hydrogen’, 
‘chloride’ for ’chlorate’, and ’hydrochloride’ for ‘hydroxide’. In some 
cases, errors of this kind may be due to hardness of hearing. In any 
case, it is advisable to write a new word of this type on the black- 
board. 

Under ‘D’ are included mistakes such as the following: ‘A glowing 
splint burst into flame when placed in the mouth of the test-tube in 
which copper nitrate was heated. This shows that there was some- 
tiling in the nitrogen peroxide which supported combustion, this 
being oxygen.’ The correction enables the teacher to find out if the 
pupil has been unable to express clearly that oxygen is evolved along 
with the nitrogen dioxide or if he considers that the re-kindling of 
Uie splint was due to the combined oxy^n. 

Another pupil stated that ’Sulphuric acid is the hottest of the 
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dilute acids’, referring to the amount of heat evolved when the 
concentrated acids were poured into cold water. 

Statements such as, ‘Oxides which are not metals mix with water 
and form acids’, ‘Concentrated hydrochloric acid and potassium 
chlorate turn yellowish green’» ‘When red-lead is heated, it evolves 
oxygen' become more explicit when further details are supplied. The 
pupil must be encouraged to supply, or ask for, these details. 

Mistakes of fact. — ’F’ is used to denote errors such as ‘white* for 
‘colourless’, ‘melt’ for ‘dissolve*, and other obvious inaccuracies. 

The following extracts show how the function of an experiment is 
misinterpreted, and how pupils find difficult in describing their 
observations. 

‘Air was passed through copper filings where all the oxygen was 
consumed-* (‘Removed by oxidation* should have been written.) 

‘A strong gas was gjvcn off.* (Meaning a gas with a distinctive 
smell.) 

‘Sulphur is a non-dissolvent in water.* (Insoluble.) 

’Using a burette for the neutralization of the acid and alkali, it 
is found that the formula for common salt is 20 c.c. of sodium 
hydroxide and 17*5 c.c. of dilute hydrochloric acid.* 

‘I procured an unbreakable test-tube.’ 

‘Oxygen supports the theory of combustion,* 

‘Bum phosphorus In a jar of oxygen, put litmus in, it turns red, 
therefore phosphorus is an add.* 

‘Ammonia (ammonium chloride) b said to be sublime; on heating 
a mixture of it and sodium (sodium chloride) the latter b left behind.* 
'tVhea sodium b dropped on to water it lights and bums with a 
yellow flame.’ 

‘Add potassium to dilute nitric add to form potassium nitrate.’ 
‘Phosphorus b kept in a bottle of water because water b colder 
than air.’ 

‘Sodium is kept in oil because it loses its strength*, or *it goes stale*, 
or ‘it rots aw ay*, or ‘the air would perish it*. 

‘Equal wci^is of the three allotropes of carbon form the same 
wei^t of carbon dioxide,' (Example of loose phrasing.) 

'Remove the iron from iron chloride by using a magnet.* 

•The presence of sodium in sodium nitrate can be shown by drop- 
ping the latter in water, when it evolves hydrogen.’ 
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‘Sodium hydroxide becomes moist when brought into air, and 
turns into water.’ 

A remark such as the following can be avoided if the teacher him- 
self is careful to use the correct terms in describing the experiment. 
‘The nitric acid fumes find it loo hot for them in the retort so they 
move to the cooler parts of the receiver.* 

The following extracts show carelessness and lack of attention in 
class. In correcting these a pupil will probably obtain most benefit by 
asking one of the better pupils for the necessary information. 

’Then came the latro demists, who made Paracelsus, which was 
considering and purifying drugs.’ 

‘Egypt was called the “Black Land” because the Nile over-fiowed, 
and it was called Uie "Black Art” because nobody knew why it had 
overflowed.’ 

Results and conclusions (C). — In a quantitative analysis the 
numerical results complete (he experiotent, and whenever possible 
the practical result should be compared with the value obtained 
from theoretical considerations. Valuable exercises are provided by 
discussing the reasons for any variation between the two. The formu- 
lation of conclusions from sudi systematic work tests the best of 
pupils. 

It Is important that lists of numerical results, such as titrations or 
weighings, should be written under one another in a systematic and 
complete form. This method is neat and clear, and enables the teacher 
to check the pupfl’s working with case. 

At the end of a series of experiments, icis expected that most pupils 
will arrive at a conclusion, such os ’concentrated hydrochloric acid 
evolves chlorine when heated with oxidizing agents', and ‘all am- 
monium salts evolve ammonia when heated with an alkali'. It must 
be admitted that to obtain such conclusions, or to summarize the 
facts obtained from the experiment, is often extremely difficult, but 
It is a part of ChcmlsUy teaching that should never be neglected. 

Reference to library (L), and furt/ier details (D). — By placing *L’ in 
the pupil’s Dotc-booic, a teacher can indicate that more details might 
be ob^aed from the school or public libraries. This method encour- 
ages the development of a wider study of Science^ and is of especial 
benefit to clever pupils. Thus, X* in the note-book containing 'When 
sulphur dioxide was shaken up with water it formed sulphurous acid. 
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This acid has never been isolated so wc do not bother much about Jt 
as it is very unstable’ brought the following amplification; ‘Sulphur 
dioxide dissolves in water, and it is then of great importance in com- 
merce for bleaching, disinfectants, and in the manufacture of the 
important acid, sulphuric acid/ 

Each pupil should, if possible, be given training in the use of 
indexes of the more specifically useful books, and advice on other 
books which may contain more general information. A pupil’s note- 
book often indicates in what direction his interests lie, and oppor- 
tunity should be taken to cultivate this particular bent. 

Other references . — Further quotations from pupils' note-books 
illustrate the application of the symbols ‘E’ and ‘W’. One boy, after 
four weeks’ Chemistry, wrote, ‘Dilute the acid by means of water to 
the scale of dilution required. Pour a little of the dilute nitric acid on 
to a few crystals of sodium carbonate decahydrate, known as wash- 
ing soda to people not concerned with Cbcmislo'*’ A ‘W’ against 
this remark brought the answer: ‘This makes soda different from 
ordinary sodium carbonate because it has ten molecules of water 
combined with it.' 

Statements such as the following are clarified by using the notation 
sign ‘W’— Why do you make this statement? 

‘The fumes from the solution smell like a very familiar smell.’ 

'In dilute sulphuric acid, the zinc goes very porous, and out of it 
escapes the gas.’ 

‘Hydrochloric acid is weaker than sulphuric acid.’ 

Some pupils, without encouragement, learn to use formulae and 
equations early in the course. Symbols are not normally used until 
the later years, but the enthusiastic learner, if this is considered 
advisable, can be kept up to the standard he has set himself. Abbrevi- 
ated words and the wrong use of symbols must not be allowed. 
Thus, a boy who attempts to use S.H. for sodium hydroxide, or 
builds up the following equation, 

C -1- Ox =« COx 

should immediately be corrected. 

The account which is loo long and irrelevant must be discouraged, 
and a clear, precise style cultivated. Unnecessary repetition must also 
be avoided. It is encouraging to find a pupil who, after describing the 
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aciion of dilute sulphuric add on niagnestuni, forming magnesium 
sulphate and hydrogen, states; ‘The method used for the action of 
this acid on magnesium carbonate is nearly the same as in the former 
experiment, so it will only be described in brief.' Concentrating on 
dilTerences, he avoided ail repetition. 

The teacher ought to keep a record of mistakes made by his pupils 
and classify them. This will enable him to anticipate such mistakes, 
although words such as ‘phosphorus*, ‘nitrogen*, ‘diamond*, ‘dcsic* 
cator’ and ‘laboratory’ will often be misspelt, bromine will be 
described as a gas, phosphorus as a metal, lead sulphate as being 
soluble in water, and iron alum as containing aluminium. 

From time to time written work should be set cither on topics 
having a wider scope than the usual school work, or on revision 
problems requiring solution by careful reasoning from ihe facts 
obtained In the laboratory. Excellent training is derived from exer* 
cises necessitating the use of encyclopaedias and Uie indexes of com* 
prehensive reference books. Tbe information thus gained has to be 
sifted, irrelevant subjeebmatter discarded, and the useful points 
systematized and incorporated in the pupils’ written account. 



CHAPTER XI 


The Use of Diagrams, 
Charts and Other Visual Aids 


Diagranu and drawings in the laboratory nole^book 
The teaching of the proper use of diagrams and drawings by juniors 
presents real difficulty. Many pupils wJ»o are good at practical work 
hand in disappointing descriptions of their observations and results. 
Their note-books do not give a true indication of their manipulative 
skill, neither arc they of any use for revision purposes. These pupils 
in particular must be taught to realize the importance of accurate and 
dear drawings, around which so much of the descriptive work may 
be centred. 

A few pupils find it very difficult to draw apparatus at all, while 
others, with artistic ability, have to be discouraged from making pic* 
lures instead of diagrams. Pupils who experience difficulty in drawing 
the different parts of apparatus to scale must be trained to compare 
the size and positions of ail parts of the apparatus, even if it becomes 
necessary to measure the different parts. 

A pupil might be given further hdp by asking him to point out the 
parts of the apparatus represented by particular lines in his drawing. 
It is especially necessary in the early stages for apparatus to be 
shown in the drawing in exactly the same order as it is ananged on 
the bench, i.e. the sink should be on the right in distillation in both 
sketch and in the actual apparatus set up by the class. If a pupil 
cannot make a drawing of value after reasonable training, he should 
be allowed to omit drawings and to describe the apparatus in words. 
This is rarely necessary, but it emphasizes the fact that the drawing 
is only part of the descripUon. 

It is worth wlule devoting time at the bc^ning of the course to 
discussion of the most effective methods of representing apparatus 
on paper. In this way, all types of pupil are given opportunities of 
learning the method recommended by the teacher. Apparatus must 
be drawn in proportion, and the essential features of each component 
must be clearly shown. Neatness, clearness and economy of time in 
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drawiag must be stressed. Good examples of diagrams should be 
exhibited on the laboratory notice-board so that the pupil is con- 
stantly reminded of the method rcijuircd. 

Comparison oj the methods used in text-books. — An examination of 
the drawings of apparatus found in text-books shows very clearly 
that there is no strict adherence to a uniform plan. The worst features 
of poor sketches might be pointed out to the pupils. In some draw- 
ings there is excessive shading, which often obscures some of the 
main details of the apparatus, so that lire drawings become too in- 
distinct to be of much value. Other drawings are so elaborate that an 
expert draughtsman must have spent several hours in (heir prepara- 
tion. It would be a clear waste of lime for a learner to imllaie such 
methods. In some text-books, various drawing devices are suggested: 
gloss tubing, retort stands and tripods are represented by single lines, 
and ‘cutaways’ in pneumatic troughs show hidden parts of the appar- 
atus. Whilst many sketches are in perspectit'e, some give sketches 
partly in perspective and partly in section, lo some drawings the 
apparatus is not labcded, while in others labels are there but are not 
referred to in the text. Few books are illustrated by clear, simple, 
labelled, sectional drawings of the type recommended in this 
chapter. 

It might be noted that photographs illustrating industrial Chem- 
istry are becoming more popular in school text-books. The priociplc 
is an admirable one, if suitable photograpbscan be found and if these 
arc accompanied by labelied sketches of the parts of the industrial 
plant most dilBcuU to understand. 

The pupil must realize, however, that his drawings, diagrams and 
charts serve a purpose rather dUTcrcot from those included in text- 
books. He is allowed the use oflegiiimate conventions, notations and 
symbols in order to avoid unnecessary rcpctiu'on, and his drawings 
should emplsasizc those parts of the apparatus which arc encoun- 
tered for the first lime. Thus, when the pupil first secs a Kipp’s 
apparatus, a complete sketch should be given, but ibis is not neces- 
sary every time this apparatus is used subsequeaUy. A pupil cannot 
be expected to give a detailed sketch of a blast-furoacc or gas-works. 
He roust represent the various parts by circles, recian^cs or other 
simple shapes, and refer to lettered parts of the diagram in his notes. 
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Somciimcs the diagram may represent an aerial view of part of a 
factory, but usually it is a convcnlional diagram in sectional form. 

The value of drawings . — U is generally agreed that sketches and 
diagrams arc necessary in Chemistry note-books, for at each stage 
in the pupil’s training they scr\ea definite purpose. Sketches arc very 
oHcn as important in chemical descriptions as figures are in geo- 
metrical propositions. 

Most examining bodies ask for sketches, and some state that 
elaborate drawings are not required. Unfortunately, they arc not 
all as definite as one examining body which states that ‘The answers 
should be concisely worded and as short as is consistent with clear- 
ness and completeness. Large, clear and accurate drawings should be 
added whenever they make the answer easier to understand. A very 
hi^ value is attached to drawings which are the result of careful 
observation.* 

Pupils must realize quite early that diagrams must always be there 
for a definite purpose, and that they are not always necessary in the 
description of an experimeau For example, a pupil should not give 
identical sketches of both red and yellow phosphorus bumlog under 
a bell-jar, nor should he give the same sketch week after week of a 
test-tube being heated in a Bunsen flame. New apparatus should, 
however, be drawn in the note-books as soon as it has been used. 
In the preparation of the diSerent gases, for example, it is advisable 
to show the new arrangement of the difierent parts of the apparatus. 
Sometimes a series of illustrations may be necessary or alternatively 
part of a drawing might be enlarged. Pupils ought to appreciate that 
scientific drawings are function^ and not primarily artistic. The 
relationship between different parts of the apparatus should be 
clearly shown, and a pupil ought to be able to interpret the specific 
use of the apparatus without difficulty. 

Sectional drawings . — Drawings in some kind of distinct outline are 
the easiest, both for young pupils and for those who find it difficult 
to make good sketches, "nic principle of the median longitudinal 
section gives the best results. With this system, the exact features of 
the apparatus can be shown, and the sketches can be executed in 
minimum lime. 
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The free-hand diagram is the ideal for those with a moderate 
amount of skilJ. The use of compasses, coloured inks and shading 
should be discouraged. Stencils, which can be cut from celluloid or 
cardboard, are often helpful to weak pupils. Their chief disadvantage 
is that the relative size of eadi piece of apparatus is not rasy lo 
represent. Hence, if the teacher decides to allow llieir use, the pupils 
must be warned of this dllFiculiy. Faintly-ruled squared paper is also 
most useful in the early stages to ensure correct positioning and 
proportions. 

An alternative method for pupils who are weak in drawing is 
to allow the use of coins and narrow glass rods for drawing 
flasks and glass tubing. In practice, these mechanical aids are 
gradually dispensed with, but the habit of neatness frequently 
remains. 

The sectional method of drawing can easily be described and its 
advantages pointed out by means of blackboard drawings. There is 
no necessity to give a plan, as most chemical apparatus Is spherical or 
cylindrical. The front elevation is easy to draw and to understand. 
It is necessary, however, to make a rule that bends should be drawn 
at a convement angle, and glass tubing be shown vertical or hori* 
zontal. The convention of showing ideal fittings should be adhered 
to even when the pupil bends his own glass tubing at awkward 
angles. 

The diagrams of apparatus in this book illustrate the general 
principles of sectional drawings. All non-essential parts of the appar- 
atus should be omitted, and the pupil should be shown the advan- 
tages of representing complex apparatus as if cut in half. Blackboard 
sketches should be used to show that under this system it is nreessaiy 
lo represent a tripod as having two straight legs joined by a hori- 
zontal line; a piece of wire gauze by a dotted or wavy line; a beaker 
by three strmght lines joined by rounded corners (and without 
ellipses); a bosshead-clamp by rectangles or circles; and a clamp by 
two rectangles. 

Apparatus which is difficult to represent on paper should be 
drawn on the blackboard. An average pupil cannot draw a distilling 
flask and condenser, for instance, with any degree of accuracy, unless 
the teacher illustrates the convention used for representing the 
arrangement of the inner and outer tubes, the clamps and retort 
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stand. Also, the first time large-scale apparatus is used, opportunity 
should be taken to draw a complete labelled diagram on the 
blackboard. Reference should be made to each part as the 
apparatus is assembled. Much repetition is required, and definite 
training is necessary for most pupils before the results are satis- 
factory. 

It is necessary to adopt certain conventions for non-symmetrical 
apparatus. Whenever possible, these should be distinct and should 
be a near approach to the actual shape of the apparatus. Retort 
stands, burette taps and tube-furnaces must be represented by some 
simple method, and special instructions should be given when a 
complex piece of apparatus, sxich as the lead-chamber model for 
making sulphuric acid, has to be drawn. Thus, while the diagram 
essentially embodies the plane projection principle it is sometimes 
convenient to deviate from this method. 

Pupils should make constant reference to their drawings when 
describing their experiments. In sketches of a simple type, the names 
of the dlSbrent parts of the apparatus should be printed neatly at the 
side, but in a more complex diagram it is sometimes preferable to 
use letters for reference purposes. A key to these letters should be 
^ven in tabulated form. Emphasis should be laid on the necessity for 
labelling the less common components. Neat straight lines should be 
drawn from each label to terminate at the correspoodiog part of the 
apparatus. 

Diagrams of industrial processes must occasionally be given. 
These should be drawn as quickly and simply as possible by con- 
centrating on the essential parts, by avoiding decoration and sliding, 
and by substituting simple shapes such as rectangles and circles for 
complicated figures. With experience, the majority of pupils find 
little difBculty in appreciating the fuU meaning of diagrams. For 
pupils who experience more trouble, drawings may be first roughly 
sketched on the blackboard showing the side and front elevations or 
the plan; models of industrial plants may be made in wood or card- 
board, or a method specially applicable to the manufacture may be 
devised. For example, in describing the Frasch process for the 
extraction of sulphur, most pujuls are able to understand the sec- 
tional diagram. Those who experience difficulty may be helped to 
appreciate the tluec-dimensional aspect by reference to a set of cork- 
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borers or by drawing a series ofconccnlric circles above the elevation 
to represent a horizontal cross-section. 

The teacher should explain dearly the general principles of the 
sectional method to be adopted, and pupils should be told of the need 
for uniformity in representing certain components such as flasks, 
corks, tripods and glass tubing. This avoids much unnecessary cor- 
rection of note-books. Pupils should not, however, be discouraged 
from devising their own conventional designs for Bunsen burners, 
clamps, bosses and wire g4uz<^ if their designs are used consistently 
and conform to the general prindpics of the sectional method. 
Questions sucit as the following usually occur in the early stages of 
Chemistry-teaching, and the teacher must be quite clear in his own 
mind about the method ho means to adopt. Must the supports — 
tongs, retort stand and clamps — always be given in the sketch? Is 
shading to be allowed? Are hidden parts to be shown by dotted lines? 
In what cases is the sectional method to be modified? Are simple 
signs, such ns an arrow for a Bunsen burner, permissible? The writer 
prefers the inclusion oCsupports (though it is never necessary to draw 
hands, arms, etc.), and allows simple labelled signs for Bunsen 
burners, but excludes dotted lines forbidden glass tubing. Shading is 
allowed only where it serves a useful purpose. 

As mentioned previously, pupils are not expected to reproduce 
sketches in the complete and expert style of those oHea found in 
text-books. Pupils’ diagrams arc for the definite purpose of indicat- 
ing the particular use and position of part of the apparatus, or as a 
substitute for the written word. They serve as condensed descriptions 
of the apparatus, and can be used for reference purposes in future 
lessons or for revision. 


£rrors frequently made by pupils . — la discussing errors most com- 
monly made by pupils, brief reference only will be made to the 
following points: different standards of skill in drawing diagrams 
arc to be expected from pupils at rarious ages; pupils can be good 
chemists but poor draughtsmen; it is impossible for some pupils 
to attain any degree of neatness or skill in drawing apparatus. 
Stress will be laid on errors most frequently made by pupils whose 
drawings depart from the recommcnifcd convention of sectional 
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diagrams or are of no practical value. The following mistakes often 
occur, and some of them are indicated in Figure 38: — 

Confusion in method. Partial sectional diagrams (c, k) — circles, 
ellipses, or strai^t lines drawn on mouths of beakers, test*tubcs and 
ends of glass tubing—ihickncss of glass shown ii,J ) — three legs on 
tripods. 

Wrong proportions. Incorrect relative sizes of different parts of the 
apparatus; wrong relative amounts of reacting or resulting substances 
shown. 



FIGURE 38. — Examjjtes of miuakes in a sectional diagram 


Too complex. Unnecessary detail — elaborate Bunsen burners; 
bases of gas-jars (;>— inclusion of gas-taps, water-taps, bench-tops 
and bands — shading and colouring — ^ain in wooden blocks, brick- 
work in industrial processes. 

Incorrect position of diflerent parts of apparatus. Not on bench 
(jn and g ) — unstable positions — wrong arrangement in fittings, e.g- 
wash-bottle — wrong angles of apparatus, e.g. Liebig’s condenser — • 
beaker not under funnel, Bunsen burner too far from fiask — cork 
entirely in neck of flask (d ) — liquid levels too high or too low in 



226 TEACHING OF SECONDARY SCHOOL CHEMISTRY 

Instances of the latter arc charts showing the increased yearly pro- 
duction of sj'nihctic nitrates and of aluminium. Instructive exercises 
are also provided by the collection of material from various sources, 
and by its arrangement for eahibition purposes. Encouragement can 
also be ^vea to the correlation between Chemistry and other school 
subjects. The aid of boys who are weak in Chemistry and good at 
handwork can be enlisted in making apparatus of all kinds, in an 
attempt to increase their interest in the more theoretical topics. 

The text-book should always be referred to when it contains a 
good diagram, but there are occasions when it will fail to supply the 
necessary help. A sketch, which the tether considers essentia! for the 
work under discussion, may have been omitted from the text-book; 
a photograph illustrating an industrial process may be indistinct; an 
important part of a sketch may not be labelled, or a diagram of an 
obsolete process may be given. Sometimes a good diagram can be 
found in another text-book, but this is usually too small to show to 
a large class unless an episcope or a film-strip projector is available. 
Thus large wall-diagrams and charts are often necessary. 

One object of this section is to suggest that the pupils themselves 
can produce useful wall-charts. These can consist either of modified 
drawings of the text-book diagrams, or can be specially designed to 
fit the syllabus. Sectional diagrams are advisable, and they should be 
as large as possible. These diagrams, drawn with Indian ink on white 
paper, or with white ink on bl^k paper, arc both cheap and effective. 
They may also be prepared by projecting the diagram on to a paper 
screen (c.g. using an episcope) or by tracing the outline in charcoal or 
chalk and then spraying with varnish. IT necessary, the paper may be 
pasted on to three-ply wood and varnished. The sheets cart then be 
easily stored by numbering each one and suspending them from a 
long wooden rod by string, and they can be kept from year to year. 
Sheets of cardboard or framed sheets of paper may be slid into 
a wooden frame at the ride of the teaser’s blackboard when 
required. 

Diagrams and charts are of direct value for reference in class dis- 
cussions. The following diagrams, for example, should always be 
available, in addition to the examples ^ven elsewhere in bookt 
sha{^ of typical ct5^tals;soIubiUQrcun’cs; processes for liquefaction 
of air, extraction and purification of sulphur, ’fixation* of nitrogen. 
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manufacture of sodium carbonate, extraction of metals, and the 
manufacture of sulphuric acid. Coloured charts of the different 
indicators and their corresponding colours with different pH values, 
of ilamc-tcsts, borax beads, charcoal-block reduction-tests, 
spectra, and precipitates in the qualitative group tables, may also 
be of value when teaching older students. 

Other diagrams supplement academic descriptions and provide 
information to pupils who need to enlarge their l^owledge of certain 
subjects. Diagrams of value in this connexion are concerned with 
stills, refrigeration plants, historical apparatus, the hydrogenation of 
oils, the manufacture of soap, relative uses of fertilizers in agricul- 
ture, the water content of fruit and vegetables, the chemistry of the 
body, the composition of the earth’s crust, the output of gas-works, 
the products from coal and coal-tar, the blast-furnace, the liquefac- 
tion of air, the structure of hre-extinguishers, and the composition 
of foods. 

AAer several weeks' lessons on a series of substances which ore 
prepared directly or indirectly from another key-substance, the 
problem of drawing up a chart to summarize ail the reactions can be 
tackled by the class. A good student finds no difficulty in this, and it 
is an excellent exercise for slower students since, before they caa 
complete their chart, they will have to re-read their notes and text- 
books, and apply their knowledge inteliigenUy. The best attempts 
serve as a ba^ ibr a large iaboratoiy chart, and, when it is com- 
pleted, the relationship of its contents to the whole of the course can 
be discussed. Charts of the type mentioned above can be drawn up 
around common salt and the alkali industry; potassium nitrate, 
nitric acid and its derivatives; sulphur (see Figure 39), carbon (see 
Figure 11), calcium, nitrogen and their compounds; the nitrogen 
cycle (see Figure 10); the carbon dioxide cycle (sec Figure 1 1); differ- 
ent forms of the periodic table. Charts for the preparation of the 
common gases (see Figure 30^ the valencies of the elements and 
radicals, the symbols used by the tarly chemists, and the percentage 
composition of the atmosphere may also be prepared. A chart on 
which are printed tlie important dates and events in the history of 
Chemistry should also be found in every school laboratory (see 
Figure 1). 

If it is drawn up under parallel columns — Chemistry, other 
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scientific discoveries, inventions, art, drama, music— (he (able may 
be used in other subjects as well as Chemistry. 

Posters, advertisements, and cuttings irom periodicals can oAen be 
used to form instructive charts. These should be arranged and pasted 
on a large sheet to illustrate a special point such as the importance of 
Chemistry in the home, local Chemistry, or some special occasion 
(e.g, the anniversary of the birth or death of some famous chemist). 
Pupils should be encouraged to bring illustrations from books and 
magazines whenever possible. Interesting photographs of things like 
stalactites and stalagmites, salt-pans, water softcncfs, lime-kilns and 
cJiemical works are often collected by the pupils if they are told that 
the subject is to be studied in the near future. 

In Organic Chemistry, there is possibly still more opportunity for 
the use of systematic chans. Starch, sugar and uood can be die 
starting-points forthepreparation of mostof the aiipharic compounds 
(pp. 4(>*3). One compound can be shown to be derived from another, 
and this in tun\ can be converted into some other compound. The 
special properties of a radical or one member of a homologous 
series can also be tabulated. The drawing up of detailed summaries 
of the spedal properties of the aliphatic aldeliyde, halide and 
hydroxyl radicals makes an excellent exercise. Examples of such 
charts are shown in Figures 2 . 3 and 5. Similar charts for (he aromatic 
compounds can originate from carbon, hydrogen, coal-tar, or ben- 
zene (see Figure 4). The general differences between organic and 
inorganic compounds, aliphatic and aromatic compounds, nucleus 
and side-chain compounds lend themselves (o (his treatment Com- 
parison and contrast by this method, of the corresponding dcriw- 
tives of the nucleus and side-chain compounds is also well worth 
attempting. 

The contact and icad-chamber processes for making sulphuric acid 
provide the best examples of manufaauring processes which can be 
carried out on a small scale. Jo the Vcad-cbwnbet process the action 
of the caial>st nitrogen dioxide may be clearly shown by using stop- 
pered jars conuining sulphur dtottde and nitrogen dioxide and re- 
peatedly exposing the resulting mixture of sulphur trioxidc and nitric 
oxide to the ox> cen of the air. Laboratory locihodi to illuwrate the 
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commercial preparation of pota&uum chlorate, sodium bicartonatc, 
potassium bromide, while lead and chlorine may also be carried out 
effectively. Although poor yields may be obtained fay these laboratory 
methods, the principles governing the manu/acturing processes are 
made clear. 

A dull theoretical lesson can be enlivened by a stationary or scenic 
model constructed In coloured cardboard or wood. 

If this is made in the school workshop, it has an added appeal. 
Ojmplicatcd sketches are unsatisfactory for pupils who can neither 



FIGURE 40. — Hie canufacture of sodium; a moOel of the 
CastDcr process 

visualbf the actual apparatus nor completely undentand its three' 
dimensional aspect; it is to these pupils that models are particularly 
helpful. The time given to making a small still, or a model of a coal' 
gas works, a modem blast furnace, or the lead-chamber process, in 
cardboard or wood, is time well spent. 

Another type of model may be constructed to show the individual 
portions of a complicated industrial plant One example is the 
C«{ncr process for^the manufacture of sodium. Before the model 
is shown, the pxiuaple of the process might be demonstrated by the 
electrolysis of molten sodium hydroxide. The wooden model is built 
as a 14-inch side solid cube which is hinged into two halves 
(Figure 40). Qt is better to screw the hinges into the sides rather 
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than to the base.) The dosed cube shows the outside fittings of the 
cjccirodes, gas-pipes and outlets. The pupils can readily see that the 
iron vessel and electrodes arc ^iindricd. When the box is opened 
the inner parts of the plant arc represented by a drawing (see 
Figure 41). This model helps the weaker pupils to visualize and 
understand the actual plant 

Another type may be a 'svorking' model or a modified model 



FIGURE 41.— ThcCMtocrpwecMiiaierioroftbonjoJcl 
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adapted to a special use. Interesting examples of these are required 
for studying the alkali industry. After electrolysing sodium chloride 
solution by placing the two electrodes in a beaker and then in a 
U-tube, the Castner-Kcliner process for the manufacture of sodium 
hydroxide can be illustrated. A wooden box with three compart- 
ments is used to suggest the construction of the plant. Glass is pJac^ 
in front of the box so that the inside can be seen, and dry sand is 
rocked backwards and forwards to show the use of the mercury and 
the eccentric. This movement is caused by turning a disc at one end 
of the box and by allowing the other end to rest on a wedge. 

■ Important parts of the plant such as the anode, cathode, the 
chemicals, and the outlet pipes for the hydrogen and oxygen are 
distinctly labelled. A convenient method of doing this is to fasten 
labels to a piece of wire and to attach these to the parts to be 
described. 

With junior pupils, other ideas can be developed. A model of a 
blast-furnace can be made in wood, painted and appropriately 
^bell^. White sand or ocher suitable material can be dyed and used 
to represent the raw iron ore, coke and limestone which are run into 
the top of the furnace. Other coloured material can be placed inside 
the model in stoppered tubing so that ‘iron’ or ‘slag’ can be removed 
from the bottom of the furnace. Coloured lights make the process 
mote realistic. If necessary, the development of the iron industry, 
throughout the ages, may be shown by a scries of model furnaces. 
This might serve as a topic for a sdiool exhibition. 

These examples arc typical of many that can be devised for use in 
schools either as part of the normal curriculum or as part of a pro- 
ject. Permanent models of a particular local industry which lends 
itself td such treatment may be preserved and used for years, and it 
is in schools where the teachers of handwork, woodwork, metalwork 
and Science co-operate that pupils derive the maximu m benefit from 
such joint acUvilies. 

Other forms of leaching aids 

The teaching aids, often known as ‘wsual’ or ‘audio-visual’, include 
the episcope, micro-projector, film-strip projector, and silent or 
sound film projector. Each has its own advantages and limitations 
in the teaching of Chemistry, and should be used only when it can 
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,,ovide soRieUdns Hie .cache ca^vidc hy^the .can., U 

Ly be aid in favour of Ihe Ihu kind of visual 

(o) Some children learn more readily rro 

presentaUon. complementary material and 

(4) Background knowMge, ? historical information, 

iltotralions, can more easdy bo suppW. e.g. 

the working of iodustnal j „„,c„,ions from experts. 

(c) Pupils see and ".ear accounts and oxplana _ 

The teacher’s attention is '>«’»“ ^ sound, must be 

(i) The quality of mo valul Children with expen- 

hi^.otherwis=thelessonsw«a.elddovm^ ^ 

ence of the commercial cinema sh 

^TAs'a“eSru“e educational films should be shown to one 

class at a time. aim in advance, and decide on his hne 

(iii) The teacher must see a ,o the class. After the Srst 

of approach for a suitable „„i,s ,o pay attention to 

showing he wilt often have to H P P 
particular points. und further references to 

follow-up work will b« 

subject may be required at n Wer ^ usually .mpos- 

(iv) The building up of a film s p ^^crever possibly on an 
sible in any one school U sbomd^^ shuuld 

“Igu^orS^nvailahlema^^^^^^ 

^T)ArdsofVklndund.com^»"^ 

no^tl g^oT^l" ““ .“f 

irUn is tlmnium-white on a smo°* p , 

movable glass screen, and B uonvenienL then a transluce 
projection from dto rear b more coa 

sereea should be obtamed. upFta'a* are as follows. 

Advantages and disadvantages ofUie PF 

Thu projector is cheap, easy to use 
fi/».-stripr.-Advantases: (a) fbe p J 

and to carry about. 
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(6) The strips arc cheap, easy to store, and ate produced in great 
variety. 

(c) Individual pictures remain in the same order, but the strip zazy 
be stopped at any stage and turned backwards or forwards. 

(d) The teacher can give what he regards as the most suitable com- 
mentary. (Notes are usually supplied with the strip.) 

(e) A semi-darkened room permits satisfactory vision, and at the 
same time allows pupils to write notes. 

Disadvantages: (i)The ri^d sequence of the pictures may not 
suit the tcacher*s ideas for the ircaimcnl of the topic. 

(ii) The presentation depends on the skill of the teacher: there is 
no movement or dramatization. 

(lii) The sprocket holes become worn, and the surface of the film 
is easily scratched. For this reason many teachers prefer to use slides. 

Sound JUms. — The 16 mm. projector is usual for school use. Some 
of the films can also be showm Gently. 

Advantages; (a) Many children nowadays accept them as a usual 
means of instruction and recreation. 

(i) The time-sequence and the three-dimensional aspect become 
more obvious in a moving picture, c.g. component parts of an 
apparatus in motion. 

(c) Experts, who can be seen in person, give first-class expositions 
on their subjects. Dramatization of historical occasions is sometimes 
possible. 

Disadvantages: (i) Costs of projector and films are high. 

(ii) The commcniaty is fixed, and many teachers prefer to ^ve their 
own because they know the needs and interests of the class. 

(iii) Turning back, to stress some particular poinL is neither easy 
nor satisfactory. 

(iv) School rooms seldom pvc good acoustic results. 

(v) It is often difficult to darken a room sufficiently. 

Silent Jilms.— Some of the above comments are applicable. 
Advantages: (a) The projector is Reaper than that for sound films* 
(6) It is easy to stop the film and study a particular picture as 
required. 

(e) The teacher U able to supply the commentary he desires. 
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Micro-pKjeclor.-TKi “ 

as less of a luxuiy than can be made “vailabla to 

quent nse to the teaching ?f B“' advanuges ate: (n) The 

Chemistry lessons as reqaaed- AtldtUo 


as less of a luxury u.an ....y- s ^ „aae avanau 

quent use to the teaching ?f B“' advanuges are: (u) The 

Chemistry lessons as required. Adutuu 

room need be only ““■‘‘^^'“iaaty and all pupils can see clearly 

(b) Only one microscope IS necessary. 

the •picture’ on the screen. ^aiw mounted on a slide 

A .X C n r.UtM'tn. such a; 


le •picture' on the screen. ^a„„ted on a slide 

^SmS;:S“^.nntdisUnctivefeatur^ 
at the same time ^aen enables the teacher to make a 

pelSrgaccuffiya"-'‘>“^'“^- 



CHAPTER XII 


Training in Experimental Technique 

Until recent years, the development of practical Chemistry in 
was handicapped by several influences. Laboratories were supplica 
with insufficient and often unsuiuble apparatus; large classes were 
taught by one teacher, and small rooms were adapted as laboraton«, 
with Uule regard for the number of pupils to be taught ther^ in 
some schools. Chemistry is slUl taught in classrooms, and even lar^ 
schools arc often without full-time laboratory assistaitts- 

During more recent years, laboratories have been included ^ an 
essential part of new school buildings, and the general conditions 
have improved. It wiU be a long time, however, before all have 
reasonably spacious laboratories with proper fittings and ad^ua 
equipment. In fact, the material conditions prevailing in 
schools are so varied that Chemistry courses, of necessity, ouf**' 
considerably in both content and method. 

Use of simple apparatus 

A plea is made here for the use of simple apparatus. It is believed 
that the use of ready-made apparatus, particularly of a complex tyl^ 
is often likely to handicap the progress of a junior pupil. Simplffi^ 
apparatus may not give ideal results, but it improves the skill of the 
operator and is, in most cases, more appropriate for elementary 
pupils. It should be realized that an important aim in carrying out 
experiments is to improve the technique of the experimenter, and t^t 
the methods employed are of as great importance as the mechanical 
attainment of a good result. Great care, therefore, must be taken 
in selecting suitable experiments and in framing simple and clear 
instructions. Pupils must be pven opportunities for carrying out 
individual experiments with ample types of apparatus or with 
improvised forms of the standard type. Wohler’s description o 
Berzelius’ laboratory shows that a great chemist could work with 
very simple and limited apparatus: — 

*No water, no gas, no hoods, no oven w ere to be seen ; a couple of 
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plain tables, a blowpipe. “J™ 

apparatus, and a large water jj^otalorv dishes, completed the 
or the csublisbment, ^„„ghont Europe for the work 

furnishings of the room fmo * ^ adjoined, where 

which had been done f' " purposes.’ 

Anna cooked, was a small f j„ a demonslra- 

Complea apparatus on a la^e^e y 
Uon, when the numerous ^ “'aanecessary as they drstrac 
individual experiment, sueh 6'^^ Ij^arc is a definite cducauonal 
attention from the main issue. . of procedure and 

value if the pupil is allowed “ „sually be of a simple 

the kind of apparatus to be las, -tubes and standard ^ass 

type. Better work is often apparatus (see Chapter VIII). 

fittings are used in preferenK to J^ndividually, and the use 

. — llT have more opportumues of woikmS completed 



11 amounts ot nuierwi 6 are more economica», auu 

._ ....rter lime. Moreover the« m<trt^“„„ or objectionable gases 

are much more convement for th^rep^ ovcjlable. . . _ 

when sufflcienl out an experiment might be 

Occasionally the method “f eaperiment then becomu a 
left to the ingenuity “f ^ J out Ws ideas, and so amo 

personal one. The pupd « each more care than wmuld 

i7he for it to be a success ‘"at It U an advantage 

be the case with more ““''“““tcJfsmates being earned out 

also for the pupil to see the id«olc. 

attempts to solve the same problem. 

The comparaliie use ojapferam ^ ‘organized 

mmt'paWy te budt ‘’=[,^^nally“ '«”'^‘^cs‘t° 

and individual expenroe • ^ 

rtsort to ‘driU* methods^ for of a reagent bottle i 

tube is being heated « ?Sods arc, however, not 

removed fo? the first ume. These mem 

generally '““““"'“ffj;, inculcated from the eaihest yea • 

Good habits should be mcuicaua. 
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quesUons put to individual pupils ■‘““f ^ 

L ptauti^ lussons ate invaluable. By >'“““8 ou* 

above the Bunsen burner, a pupil wfll resize that it is ^ 

glass, and be able to give reasons for his choice. Hc^o^ 
flexible metal lube, with a sheet of asbestos on the bench, 6 
beating is necessary. 

Correlation of practical work • i « 

Revision questions for homework, or individual questions ’ 

should help the pupU to realize the relative suitability of difl^ 
pieces of apparatus. He should, for example, know whether a y 0*“! ’ 
bottle, round-bottomed flask, flat-bottomed flask or retort is a 
able for the preparation of hydrogen, nitric oxide or 
should know when it is advisable to have a safcty-boUle wnnec^ 
to his apparatus so that water does not run back. He should be a 
to explain intelligently when a gas should be dried and hoW to ca^ 
out the process. His ingenuity b tested by finding out if Ae appara ^ 
used in the gasholder preparation of nitrogen, or the siphon expen 
ment in the dclcrminaiion of equivalent weights, b air-tight. 

Further, he should note the physical differences between material 
employed in preparations. It is an advanUge to have a large area o 
metal when passing steam over heated iron filings and air over heat 
copper turnings. On the other band, a small area is an advanUge m 
the preparation of hydrochloric acid from rock sail and concen^tco 
sulphuric add, or of carbon dioxide from lumps of marble and dilute 
hydrochloric add. Many interesting points are raised in discussing 
the different ways of increasing the rale of filtration when washing 
prccipiutcs. These and similar questions offer great scope to inielii* 
gent and practical pupils. 

Incidental teaching 

Acddeais, especially with sodium and phosphorus, must be pre- 
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vented, and the comparative 

oil should be emphasized. The ^ j forcibly that ibc full 
ttf'r r — " phenomenon are. a. prerenl. 

ot the danger of looking direc y y„„ up Hs contenU. The 

of pn, dag his dtumb fm^UmonnU of material to a 

pupil shonld be trained to add ^ with a glass rod. 

liquid, to shake the test-tube 8 “ T “ ^ p^ut senauviiy of 

When using teagenG he should ^ ^ ^ sulphate 

many tesG. He might, for and test with ammonium 

solulionintoatest-tube,poutitmto icsi-lube. 

hydroMde for the residue 'f 5,, q) might be dissolved 

One gram of copper ^ntains O OOl & 

la waTer and made up to “^.“umit of sensitivity ot the 

This might be diluted fuGher to M rte urn^ ^ wi^ 
test with ammomum hydro" thiocyanate, lead aceta 

solutions of feme chlonde and po 

and potassium chromate. carefully prepared distilled wa cr, 

Itrycung eaperimeater ^^d^rilriracid th™™,'’”” 

copper sulphate solution or necessary tests, he fee s 

the rink aller he has his preiiously been loU. fo 

couraged. ThU is especially so «hea h^“^ juulled. 

example, that the nime acid is pum use. even if ■» 

is worth while colleeliag these » P> pnll,.^ '' 

thought inexpedient to P»“ nolliited. put mlo bottles^ 

silver, and iotoe residue le lus been PGpatf “ 

and kept for recovery- If po j. gunpowder uan he 
class experiment, iu use 10 « . ngicicncy as a 

strated. AltemaUvely. P.“Pd* 
using a soluUon and a pieee of slnng. 

Practical problems _ ^,111 derive great benefit ftom 

Pupilswho have passed the j»n .^“8 '^ „_ ^nund reseaich 

sowing genuine research problems. 
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work has b«n dose by 

found that the carbonate, mtnde and sdic ^ J 
formed in addiUon to the oxide. Pupils “f *= " ^ 

original work on colouring matters m i,l„_ and vari- 

cators; and also on fruit essences, paints, micro-chemisiry, 

ous aspects of local Chemistry. u-ncrth^r students to 

All teachers would not go to the extent “>“"1 answer, 

solve problems to whieh they “ „„ the 

Much good work may be done in the laboratory, ^^a,ation 
analysis of air, water and samples of local ^ per- 

of the amount of free Uon present m feuous sulphide 
centages of free alkaU and sodium st^te ‘“/’’“P “ Uge 

of citric or tartaric acid in ‘lemonade powders , . . .r^nsolved 

of acid in vinegar and sour milk. Allemtive y, sm 
problems might be suggested by research , aj pjob- 

of large reference books or text-books reveals Jaad, 

lems: The solubiUty of certain subsuncM has not bwn de 
and the existence of double salts might 
suggested is that one school should work on the 
salt For example, the conduetivity, rnolecular 
solvents, double salts, double compounds with alcohol, “ 

posiUon and crystalline form of hydrates ”“5^; .af°f ^as 

Natations and iialytical tests. Each pupU ^‘ a^ ”d 

doing new work, while the individual effom could 
classified over a number of years and, if the topic “ ^ 

one of the commonest, genuine new knowledge would be ga mra. 

It is not unusual for a boy’s parenu to ask a ChcTOSt^ 
for help. The following are examples of probto teachers 
asked to solve: to harden animal gut for a tennis racket, to ^ 

the percentage of ammonia in cow’s blood; to find if the " ^a 
cellar had come from a leaking household pipe or from . 

house; to discover a cheap solvent for lemon oil; to analyse a 
Idllcr; to find the percentage of water and carbon a 

from different samples of washing or baking soda; ‘i*™™ 
ineuls in tubes and contmners of different types. These and sum 
problems can occasionally be worked out by the senior boys- " ’ 

every opportunity should be taken to ^ve the student problems w 
can be solved by using the facts he already knows. Juniors sho 
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^ivc Iiawng to — 

plishcd by fraoitog laboratoiy course, migbl be 

students, however, when neanng the end 

set deOnite research work. . -n ‘Science Teaching to 

The Report of the BnUsh . j, ‘The problem 

Secondary Schools’ purpose^ for every expen- 

melhod aims at suggesUng d rnouw P ^ i„,uiry. It con- 

, ment and thus of creaUng ‘''“P”* f^„rim„ts endeavourmg 
sists in facing a problem t“rd„rinE toe work. The 

W solve it and related problerns whi* ^ j,„cver 

intention is not, as is sometimes PP j , y,-!, are unknown 

for themselves things such as la*4 ^Xe. The experiment to 
to them, though to some f „ sis own demand, or be 

be undertaken by the P“P'' X »ine observed misapprehension, 
assigned by his teacher to clwr P ^ j^c has been taught, 

or as a ehillenge to test his dve the hnal security of his 

and his resourcefulness, or simply to give 
personal practical experience. 

Cuuralisations •« it,* laboratory, mere repetition 

As the pupU gains more “P^X “Sd be trained to rfeipdte 
experiments should be avot ' . without necessarily to 

new results by analogy and Kperimenu. Thus, when he 

ing out the pracUcal “hservaUdM a”d ^ 

has found out that carbon toomde j ^ the same condiuon . 

carbonatewith dilute niuic acid and * 

chalk eves the same gas. he ah»^^ ygs. AltemaUvely, toe 

catboStes evolve carbon -Xm form by exam^S 

point may cffecUvely be ‘"“‘’■'XXnates. AHer the pupd to 
toe action of dilute acids on “ oxide and dUute su!ph^= 

prepared copper sulphate f® Xe^md dilute nitric acid, mag 

LidVlead nitmte ftom tod ^ hto* 

nesinm sulphate from hydroxide and hydrocl^lonc 

acid, and sSdium chloride frorn s^to hf ^he general methto 

acid, oml exercises “unXt dUuto 

of preparing sails. It shoul dissolve 

only apply when solution occ . , j not of non*me 
adds), Ld also that salts of metals ta 
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fanned. This will help to ptevent Hie 

pupils state that salts of non-mctals, such as carbon p 

be prepared. 

A class-problem in the first year dashes 

When sodium is dropped on to water, the “ftiu 

about, dissolves and only gives a ““^.X^^^Uon 

Ore side of the vessel. What is the souree of the hgh ? ^e s^_^^ 
that because the sodium is kept ^ given 

it cannot dissipate the heat evolved, and therefore ‘t' °f 

off ignites, s^ ms to be a sensible one. How co" ^ 

Unsuitable suggestions for putting art empty I ^ 

sodium, dropping sodium into a test-tube, or gnpp g 

of tongs are probably given. Some pupils my surest 

of the water should be made viscous with st^ch, chalk po 
sawdust, or that the sodium be placed on a fl^ung 
oaoer The various ideas put forward should then be discussed 
ffTo^e, tried out. Ne'st. the ,uesUon of Ure y«dros=^ 
flame should be discussed, and a method for . g„, 

hydrogen sought. Usually, a test-tube with a “ 

mentioned, and this, along with the idra of putung 
surface of the water and covering it with a gas-jar full of wat , 
eventually considered to be impracticable and too . J- 

it is suggested that the sodium should be sunk. How? ^e m 
tying on a weight vrith a piece of cotton is critidz^ a a 

more intelUgcnt members of the class. Finally, ideas of pu 5 
small piece of the metal into a copper or lead tube, a wire-ga 
cage, or an aluminium-fod jacket are suggested and tr^. 

Such problems call for the heuristic method. They req 
scientific thought and the application of previously known lac • 
They develop the initiative of the pupil, and at the 
much more interesting than an experiment carried out mechamcai y 
from written instructions of a didactic nature. 


Devising apparatus to solve practical problems 
Problems should be given to encourage the development of 
mental technique. It is deriiable for the pupils to have opportuni 
for suggesting the kind of apparatus they would like to use, and o 



243 


™MmNO.NEXPEa.MENTA.TECHN.QOB 

allow than, gradually to ‘-f 5,rpaUcm is unusual, for ll« 

&rr.sr.— 



fW 

. . ^r^dtortopt!K6«*“PP’^‘ 

(6) The acid reservoir a lowew** w P 

• Vt- .et for homework. 

Probleras of foe fo.lowios •yP' ^ ^ 

Design apparatus. . apparatus to & 

■!Kr=S5S-:rs^= 

4 be coUacted. P«r“^““d;o-sa.) and tc«P matuna 

(perhaps from a disused battery 
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(c) To show that when concentrated hydrochloric add is clatro* 
lyzed, it gives off equal volumes of hydrogen and chlorine. 

(d) To demonstrate to a large class of pupils that concentrated 
sodium chloride solution is decomposed by an electric current, and 
that it forms sodium hydroxide and chlorine. 

(e) Using a school balance, or an improvised one, to show by a 
mechanical device when an object ^ns, loses, or does not change in 
wei^L 

(/) To show that manganese dioxide acts as a catalyst in the 
‘oxygen mixture’ (see Figure 43). 



(g) To show that aluminiuin foil, after being rubbed with mercury, 
removes oxygen from. mr. 

(A) To detenmne the percentage of dissolved air in tap-water, 
(i) To show the presence of the elements in copper sulphate or 
lead nitrate. 

(J) To verify the law of conservation of mass, using, firstly, any 
two liquids, and, secondly, a match (see Figures 44 and 45). 

Problems connected with experimental results quoted in news' 
papers and journals arc stimulating. Other problems will occur to the 
teacher which will bring variety to the usual work and be of value in 
training the pupil in the use of the sdcntific method. 

Laboratory instruction 

Attention must be paid to the way in which instructions are worded. 
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Early in the course, they must the Umt 

Which Ihc pupil thoroughly undcnU • 

saving technical phrases gijected in the proper 

always have his substences to be userl. 

way. He should be clear on the amounU ° le 

preferably in known units and in ^ experiment and to 
guided to concenuate on ^ ‘ „WehLe place when 

avoid adc issues. Titus, in noting -Luld point out thatcolour 

sulphur is heated, the instructions to ^p^cial 

and consistency are the chief pom g^olvcd sulphur dioxide, 

attention need be paid to the pupU should 

In a test-tube prepaaUon of avoid troublesome 

bctoldofthe necessity for usingsm^lam p„parlies and the 

eSctvesccnce, and blow across the mouth 

, acidity of the gas. hf ^ ,rfIfd,ops of silver nitrate and 
of the test-tube and to test the 6“ , - .lass rods, 

ammonium hydroxide solution s ^ pP interesting but dis- 

If it is desired to prevent the °“ , „|pitation, or the burning 
tateting phenomena, such as an nn f Llphu' is being made, 
of the molten sulphur front **“* ?^„„ dust when heated with 
or the tmcontroilable aeuvtty of must be given, 

dilute acid, definite instructions on h» instrueuons 

It should be recognized that when ^ of questions. Thus, 
should be given in problem foro j„w,f*r.— In a 4-inch test- 

for example, in the/ormenon of ».«»« ^ ,pll aulpbur unUl 

tube held in crucible tongs heat 2 ,.„pper foil mto the 

it begins to boil. Carefully j change begins. 

vapour and remove the Bunsen resulting substances, 

on the appearance and properU« of the resu.,^B ^ „ 

the temperature of the teacuon '”6'’“, ji„OTascin temperature^' 
flame alone could produce? if so, rpe other so 

to the sulphur vapour, th' equation for ,<s 
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action of concentrateJ hydrochloric acid on compounds . — Pour 2 c.c. 
of concentrated hydrochloric acid into a test-tube. Add a very small 
amount of copper oxide. Does the substance dissolve easily? Is it 
necessary to warm in order to start the reaction? Is a gas evolved? 
Test with litmus paper and perform other tests. What solid is formed? 
Repeat the experiment, using in turn manganese dioxide, litharge, 
lead peroxide, potassium chlorate, and magnesium oxide. What con- 
clusion do you draw from all your results? With which substances 
does concentrated hydrochloric acid evolve chlorine? Verify with 
other substances in the laboratory such as calcium oxide and 
potassium bichromate. 

In this way the preparation of chlorine, oxidizing agents, formation 
of a salt, equations, identification of substances and the testing of 
hypotheses may all be revised or introduced. In addition, the problem 
is not only treated in a scientllic manner, but it avoids monotony 
and therefore holds the interest of the pupils. 

Some problems.— Tht following are problems which may be given 
to pupils of almost any age who have some knowledge of 
Chemistry. 

(tr) To show ikoi manganese dioxide acts as a catalyst in the 
preparation of oxygen . — It is most interesting to observe how pupils 
attempt to introduce the catalyst, standardize the conditions, and 
adapt to the problem the apparatus vdlh which they are acquainted. 
Thereare many failures, and muchunwieldy and unsuitableapparatus 
is suggested. This is, however, quickly criticized by intelligent 
members of the class. The members of one class suggested the follow- 
ing methods, which are given briefly without the accompanying 
sketches. 

J. Place 4 g. of potassium chlorate in a flask connected to a 
delivery tube and a pneumatic trou^ Heat until no more oxygen 
is evolved and take the time which has elapsed. Compare the times 
aa repeating {be expedmeat wi(b 4 g. of poCassium efl/orafe sad I g. 
of manganese dioxide. 

2. Heat potassium chlorate in a test-tube until it melts. Add a 
little manganese dioxide and test (with a glowing splint), before and 
after the addition, to compare the amount of oxygen given off. 

3. Connect a thistle funnel and a delivery tube to a flask containing 
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potassium chlorate. Heal and take the time (from Uie appearance of 
the first bubble to the last) to fill one gas-jar using a stop-svatch or 
counting seconds. Quickly introduce the manganese dioxide, and 
again note the time to fill one gas-jar. 

4. Heat one flask conlaming potassium chlorate and another con- 
taining the same weiglit of potassium chlorate plus the catalyst with 
the same Bunsen flame under the same conditions. Measure the 
volume of oxygen liberated from each or compare the weights of 
both flasks. Note which gives oflT oxygen the quicker or which loses 
the more weight 

5. Heat the same weight of potassium chlorate in a cylindrical 
chamber divided into two parts. Place one-fifth of the amount of the 
catalyst in one. Collect the same volume of oxygen given off from 
the two compartments and compare the limes. 

6. Blow a bulb on the end of a 3-incb piece of glass tubing. Fill 
with the catalyst and join by rubber tubing to another piece of glass 
tubing, which passes through the cork of the apparatus used to 
prepare oxygen. Bend the tubing at the end and let it be suificiently 
long to pass into the middle of the test-tube (see Figure 43). Heat the 
potassium chlorate until bubbles of oxygen steadily rise in a gas-jar. 
ilemove (he flame, lift the bulb Into position II, so that the catalyst 
runs on to the molten potassium chlorate, and note the increased 
evolution of oxygen. 

(b) Problem on the oxidation of aluminium foil . — Aluminium foil 
in air forms a protective coaling, probably of aluminium oxide; 
when the foil is rubbed with mercury (or cleaned with sodium 
hydroxide solution and dipped into mercuric chloride solution), it 
forms aluminium amalgam and the protective oxide film is removed. 
The aluminium then oxidizes very quickly, forming long white 
growths of aluminium oxide or hydroxide. 

The above facts can be mentioned, and pupils can be asked to 
state how they could.use them to show that air or oxygen is the cause 
of ihe formaiioJi of the white growths. 

The following ideas were obtained from a form of first-year pupils; 

/. Put part of the cleaned metal in sand and leave the other part 
exposed to the air. Kote the different. 

2. Compare the action on part of the metal coaled with vaseline 
with the other parL 
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3. Put half of the foil into a jar of air, and the other half into a jar 
in which the oxygen has been removed. Compare the two results. 

4. Put a hook on a ground-glass plate and fasten a rectangle of the 
foil on it and put into a jar of oxygen. Repeat with a jar of nitrogen. 

5. Put half of the foil into water which has been boiled to remove 
the dissolved air, and note the difference from the half left in the air. 

6. Place a piece of aluminium foil in an evacuated distilling flask 
which is joined to a hard-glass test-tube containing mercuric oxide. 
Heat the mercuric oxide and see if the mercury forms an amalgam, 
and if the oxygen causes white growths to form. 

(c) To show that there b no loss or gain in weight in a chemical 
change.— The first suggestion put forward by members of the class 
was an iodeflnile one, namely, to weigh the reactants. This was 
amplified by the statement that beakers containing sodium chloride 
and silver nitrate solutions should be weighed, one solution poured 
into another and the whole re-welghed. One pupil suggested that the 
same experiment might be performed by placing one solution in a 
beaker, the other in a flask fitted with a cork aud thistle funnel, and 
allowing the two to react in the flask. This evoked the criticism that 
if a gas was evolved it would escape unless the stem of the thistle 
funnel was lowered into the solution to act as a safety-valve. 

As soon as the idea of a closed space was mention^, the problem 
was set for homework, and it was found that many pieces of appar- 
atus, quite as effective as the standard ones, were suggest^ by 
intelligent pupils. Some of thes^ along with interesting errors, are 
shown in Figures 44 and 45. Whenever possible pupils should be 
allowed to use the apparatus they suggest. 

Unusual proposals must not be ignored. Thus the balancing of two 
magnesium flash-light bulbs (used in photography) on a long piece 
of wood pivoted on a nail, and igniting one of the bulbs, leads to 
useful discussion on teaching-points concerned with the laws of 
conservation of mass and of energy. 

Chemistry as a hobby 

Finally, the use of improvised apparatus should be encouraged, as 
there are always a number of pupils who may choose Chemistry as 
their hobby. Many pupils fry out experiments to make crystals, 
invisible inks, fuses and fire extinguishers, or perform interesting 
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FIGURE 45.— 71)9 Uw ofcon$emtioo of mus: faititemperioienul 
suggestions 


experimenu such as hlling soap bubbles with coal-gas or carbon di- 
oxide. Others are attracted by the applications of Chemistry to every- 
day life, and are more concerned with making baking-powder, ’health 
salts*, fertilizers, ’lemonade powders’, and even face-powders and 
creams. One author states that two powdered potassium chlorate 
tablets and a little manganese dioxide on beating yield six gas-jars 
of oxygen. A few matchsticks heated on a tin lid provide sufficient 
wood-charcoal to absorb the nitrogen dioxide filling a test-tube. 
Yacuum-fiasks are useful containers to show the evolution of heat 
when acids and alkalis are mixed and for more advanced experiments 
in thenno-chemistry. 

Pupils with such interests become familiar with chemical phrases 
and often take a delight in using them. They repeat class experiments 
at home, improve their laboratory technique, and are often to be 
found at the top of thrir class. They set a good example to the rest 
by their keenness and resource, and in consequence they should be 
encouraged by being given, whenever possible, references to suitable 
experiments and helpful library books. 



CHAPTER Xm 


Basing the Science Course on Environment; 
School Projects 

Chemistry and the General Science syllabus 
The necessity for the school curriculum to be connected with the 
environment is stressed in many official publications. The report of 
the English Ministry of Education on ‘Science in Senior Schools' 
states: ‘it is to be expected that there should be a great variety in the 
schemes and syllabuses, corresponding not only to the variety of the 
children’s capacities, but also to the great diversity in local environ- 
ment It is not encouraging to hnd that few of the schools visited had 
attempted to plan their courses on the basis of phenomena already 
familiar to the children in their ordinary lives or easily accessible in 
local industries and occupations.* 

It is not necessary to base (he whole of the school Science course on 
the environment-~o(ten it is impo$sible~but even with academic 
courses an occasional starting-point may ha^e a local bias. Much 
realistic work related to the life of rural or industrial communities 
can be done in secondary schools of all kinds. The geographical and 
historical reasons for (he development of a special industry, the 
climatic and geological conditions affecting local agriculture, or the 
uses of local supplies of ore, limestone, clay or coal, may ail be used 
as starting-points for fruitful discussion and research. 

The pupils should be given reasons for the occurrence and im- 
ponance of local industries, and be made to realize the part these 
activities play in the communal life. A survey of the area around the 
school might be attempted. This should include parents’ occupations, 
industries, density of population, town-planning and scope for future 
development. If (he (eacher, for example; is interested in local history 
or welfare work, these aspects should be developed because the en- 
thusiasm with which they are taught will do much to help the pupil to 
take an active part in future worfcof aslmUarcharacter. In some cases, 
there may appear to be little connexion with Science, but these school 
regional surveys extend beyond the scope of an individual subject. 
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The actual experience of children is often severely restricted, as 
many travel but a limited distance from their own homes. If, how- 
ever, they can be given an interest In the chemicals and machinery 
that arc conveyed from all parts of the world to the local farms 
or factories, their outlook will be widened, and they will learn to 
investigate with more enthusiasm the larger world around them. 
Moreover, when a sound knowledge of the local environment has 
been acquired, a comparison can be made between different village 
and towns in order to discover the influences which determine, for 
example, the growth of a particular industry and the type of employ- 
ment thus created. 

Elementary economics or principles of local government can 
legitimately be included. 

In urban schools, when the syllabus is being built up, reference 
may be made to the Municipal Departments which control the 
supplies of water, gas and electricity, and the disposal of sewage. 
These are not only excellent examples of the benefit of Science to the 
community, but, as future tax- and rale-payers, the children should 
be interested in them. Most large towns have factories which are will- 
ing to supply helpful material to the school. Lessons in crystallization 
are just as well based on examples from salt mines, sugar refineries or 
soda works as on the growth of potasrium nitrate crystals. In smaller 
towns, it often happens that some special industry is prominent, and 
to this frequent reference should be made. Examples are afforded by 
the mining of coal and various ores, the manufacture of iron, steel 
and other metals, pottery and brick works, textile mills, soap works, 
the production of dyes, etc. Numerous scientific principles and appli- 
cations are to be found in the management and processes of such 
industries, some of which have interesting histories connected with 
a particular discovery or national requirement. 

In agricultural districts it is most important that the school work 
should be connected with the environment, and that Chemistry 
lessons should be linked with Biology, Physics and Physical Geo- 
graphy, The syllabus should include such topics as the composition 
of soil, artificial fcrtiUiers, natural fertilizers, legumes, purification 
of water, acidity of the soil, simple tests on milk and butter, soap- 
making, weather records and yearly maps showing the yields of local 
crops, dates of harvesting and the ^stem for rotation of crops. 
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The discussion of the occurrence and uses of local minerals, and of 
the economic and geographical factors influencing the growth of 
towns or particular industries, arc far too often neglected in junior 
Science courses. Processes connected with the making of soap, 
candles, paints, glass, textiles, tin-plate, brewing, flour, oil refining, 
shipping and agriculture provide occasional but invaluable starting- 
points for a more serious study of sections of Chemistry. 

Thus school work is linked up with familiar home commodities, 
and the pupil realizes that Chemistry deals with substances which 
affect him and with which he is in daily contact. 

A Science course for a coastal town 

It is advisable to study the locality and its industries from a much 
wider aspect than that of Chemistry or even Science. Indeed, the 
geographical, historical, scientific and mathematical aspects might 
all be interwoven. The correlation of several subjects can be success- 
fully worked out when considering local conditions. Thus, in the 
section dealing with Geography, lessons should be given on such 
subjects as the sea-bed, sea erosion, tides, currents, fisheries, in- 
fluences affecting the climate, coral islands, transport and the Suez 
and Panama canals. History has scope with the evolution of ships, 
migration, settlement, naval battles, and the influence of the sea on 
national characteristics. The Physics syllabus might include the study 
of land and sea-breezes, specific heat of sea-wa(er, buoyancy, the 
PlimsoU line, colour of sea-water and the penetration of light rays. 
Biology can be studied by means of seaweeds, algae, habits and 
structure of fish and sea animals, evolution, competition for life, 
dispersal of seeds by the sea, interdependence of plant and sea life, 
and the supply of food for human beings. Various types of handwork 
complete such projects. Photographs should be mounted, cuttings 
from newspapers and advertisements should be pasted in improvised 
scrap-books, and clay or plasticine replicas of non-permanent speci- 
mens should be fashioned. Scenm models of a local factory, and 
working models illustrating mechanical principles, should be con- 
structed. Since many measurements and calculations are entailed in 
the making of the models, in the plotting of weather graphs over a 
long period, and in the making of a regional survey, it will be seen 
that sound training in Mathematics Is given incidentally. 
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subjects of a much wider scope than those attempted today. The 
treatment of such material could be much less stereotyped, as it could 
be specially selected to suit the pupiU. 

The projects described in the following chapter arc treated in some 
detail in order to emphasize the principles behind such schemes. 
These may require an experimental technique beyond the skill of a 
boy under sixteen years of age, but suggestions for more elementary 
work arc given at the end of the chapter. 

The rural environment in Iropicat areas 

Although children should receive simple lessons on Science from an 
early age, primary schools seldom provide suitable courses. This is 
most unfortunate in rural areas where there is little industrial activity. 
The teacher of Chemistry whose pupils live in rural communities 
must spend much lime in ‘filling in the background'. During the first 
two or three years he may have to adapt the ^Ibbus so that it covers 
the experiments and subjeeumaUet wi^h a class should have studied 
previously. He himself may have to read many simple books,t and he 
must certainly encourage his pupils to read widely on elementary 
Science. He will have to study the environment and find out simple 
lines of approach and appropriate material for his lessons. 

At all stages a good teacher will try to relate his work to activities 
and substances known locally. Many scientific methods and principles 
can be taught and applied through an examination of various pro- 
cesses, and perhaps in attempts to improve them. Examples to be 
found in different localities include: (o) charcoal — types of wood and 
ovens, efficient burning; (b) wood ash — kinds of wood, uses, analysis, 
solubilities, plant-culture experiments; (c) manures; (d) pottery — 
clays, glazing materials, firing; (e) timber preservation; (f) purifica- 
tion of water; (g) rocks and minerals; (ft) extraction of dyes from 
plants; (Osoap-makiog; (y) theprcparaiion of medicines from plants. 
* e g. the tint five volumes of this series. 
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senior pupils were elected as supervisors, and under their guidance 
the demonstrations were displaced to the best advantage on the 
laboratory benches. /\1I the experiments and important laboratory 
fittings, such as fume-cupboards and bot-air ovens, were distinctly 
labelled and their uses briefly explained. 

A project on coal 

The most important exhibits were projects. One, on coal, began by 
showing a home-made turbine built in a biscuit-tin, with metal vanes 
driven by a jet of tap-water. This turbine supplied the power to drive 
a coal-conveyer across the room to a ‘Meccano* coal-crusher and 
sorter. The powdered coal was then heated in a bard-glass test-tube, 
and it was shown that ammonium sulphate, coal-tar and coal-gas 
could be obtained by methods rimilar to those used industrially. 
Whilst :Kmor boys showed how benzene and naphthalene could be 
extracted from coal-tar and converted step by step into aniline, 
diazontum compounds and aniline dyes, other pupils demonstrated 
the dyeing of cloth and the use of mordants. The applications of 
these coai-Ur products was shown by a display of silks, cloths, 
sample cards of every colour, and coloured and perfumed sweets 
and bath salts. Large beakers were filled with dilute solutions of 
aniline dyes to iliusirale the wide range of colours available. In 
addition, many of the raw materials obtained from coal-tar were 
shown. This portion of the project was completed by illustrative 
charts and cardboard models of a typical coal-gas plant and coal-tar 
distillation plant Further experiments were connected with coal-tar. 
Improvised Bunsen burners, two feet high, were constructed (see 
Figure <5), and the principles involved in use of the Davy safety- 
lamp were demonstrated. Coal-gas was passed through soap solution, 
and the lightness and infianunability of the gas was sboHm by igniting 
bubbles in mid-air. Coloured fiames. typical of certain met^c radi- 
cals, were also shown. Lastly, the use of ammonium sulphate and its 
connexion vdth fertilizers, water cultures and Qiile saltpetre were 
explained by descriptive charts, pamphlets and experiments. 

A project on water 

Water was another subject around which a scries of exhibits was 
organized- Methods of purifying drinking water were illustrated by 
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eggs. Stuffed birds, and coloured sketches of biological interest The 
importance of each was lucidly explained by the owners. 

Individual demonstraiions 

Individual demonstrations may be described in less derail. 

1. Electric writing with a sheet of blotting-paper soaked in sodium 
chloride solution and pbenolphthalein, placed on a sheet of metal. 

2. Manufacture of vinegar by souring of wine. Model of the 
industrial process shown. 

S. Fermentation of sugar and rectification of alcohol. 
d. Titration experiments with different indicators. 

5. Distillation under reduced pressure. 

6. Gas analyses. 

7. ‘Chemical conjuring.* 

8. The purification of mercury by filtering and dropping through 
dilute nitric acid in a long ^ass tube. 

9. A lino<utdng of the Egyptian hieroglyphics ‘keml’ 
(Chemistry), and chart of drawings of historical value. 

10. A ‘robot’ three-colour automatic regulator device to show 
increase' or decrease in weight 

11. ‘Meccano* and other models showing improvised test-tube 
racks, shaking and stirring apparatus, and various stands. 

12. Exhibition cases of ores, metals, corals, drugs, sugar-cane. 

13. Silica ‘water-gardens’. 

14. Loaned nickel exhibits and examples of nickel plating. 

Many other examples of suitable experiments foran'OpenEvening’ 

are given in The Science Masters' Book, the School Science Review, 
and many other books and journals. Much physical apparatus could 
also be Ic^limately shown. This might include the use of the dark- 
room to display lantern slides. X-ray and neon tubes, and of the 
cpiscopc to show pictures of historical apparatus and photographs 
of eminent scientists. Other spectacular apparatus might include an 
arc lamp (made from scrap material and with home-made resistances) 
and film-strip projector in action and other electrical apparatus. 

It should be realized that the majority of parents are unfamiliar 
Viith chemical apparatus, and that the bending of glass tubing or 
blowing of glass bulbs, espedaUy if done by their own child, is a 
source of great interest. 
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6. Unusual photographs— photographs of roodern equipment, 
industrial plant, microphotographs of crystals. 

7. Links with local or national industries — plastics, glass, textiles, 
dyes, soap. 

8. Working models or stationary models — section of lead pipe 
showing deposit of calcium salts, model of gas-works or iron furnace. 

School eidiibilions and museums will only be of educational value 
if the samples are 

(i) clearly labelled, 

(ii) neatly and effectively arranged, 

(iii) attractive, 

(iv) easily seen or accessible, 

(v) definitely linked to the pupil’s interests, 

(vi) changed from time to lime. 

Curators of local museums, librarians, local experts in Chemistry, 
and local firms should be consulted whenever possible to help in 
anan^og special displays. 

Chemical clubs 

A school Science society or club, with or without a distinct Chemistry 
scttion, is an out-of-school activity to be encouraged in every way. 
Such a club is essential in places where a tradition of 'bookish 
Jcarniug’ must be broken, forit makes possible much practical work 
that cannot be done in school hours. Enthusiastic teachers are 
enabled to guide their pupils to deeper and wider studies. 

Expeditions and exhibitions, such as those already described, pro- 
vide a stimulus; lectures by staff or visitors supply variety to the 
club’s programme; but the chief interest should lie in the members' 
own activities at regular meetings. Individual pupils can prepare 
papers and demonstrate experiments, and groups can carry out pro- 
jects and investigations. (Results and conclusions often prove to be 
invaluable as a basis for formal class lessons.) In addition to the many 
suitable topics mentioned previously, such subjects as the following 
may be studied: (a) insecticides; (6) rubber; (c) fermentation pro- 
cesses; (d) rocullic corrosion; (e) foodstuffs— cooking, preservation. 
Such studies should always be centred upon local materials and 
conditions. 
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the windows and reduce the light Similarly, steel-framed windows 
are otua fitted to open inwards, ibus wasting valuable beach or 
storage space in a laboratory. A few more considerations may be 
mentioned; — 

Walls . — Chemical fumes rapidly discolour lead paints, which should 
never be used, therefore, on laboratory walls. There should be at 
least one large notice-board; and wooden frames, or parallel laths 
nailed to the walls, are useful for display purposes on surfaces of 
plaster, cement, brick, etc. 

Roof and ceiling. — la the tropics U is important that these should 
give adequate heat insulation. The roof should have enough ‘over- 
hang’ to cut out most of the direct sunUghu 

floor . — A wooden floor is preferable, but it is expensive, must be 
waterproofed In the case of an upstairs room, and must be kept 
free from termite attack. A slight slope is useful, in case of the acci- 
dental spilling of liquids. Easy access to drainage channels, and all 
pipes and wiring, is essential. 

Doors. — These should be at least 4 feet in «idtb, so the double type 
is to be recommended. Doors opening on to verandahs should have 
the upper halves made of glass panels. 

Windows . — ^In tropical conditions these arc usually kept wide open. 
Unless they are of the sash type, it is advisable to have the bottom 
part (say 18 inches) fixed, in order to prevent undue interference by 
draughts \yiih Bunsen flames, etc. It is usual to have plenty of win- 
dows in the long walls of the laboratory, to admit as much difl’uscd 
li^t as possible: if direct light is not sufficiently reduced by eaves or 
verandah, canopies should be fitted. 

Drdinage.—Sink outlets should be connected to wide, straight pipes, 
as short as possible, leading to the main drmnage channels. The 
latter are best made of glazed earthenware: e.g. ordinary drain-pipes 
cut in half along their lengths and embedded in concrete. They 



the design oe a chemistry laboratory 

covered by »0deab0Mds,»di>y»0vaL.aBOus 

with the floor. 


WlUl uwA. 

Fm,e.cupboards.-ll is 

S°s”n a'jtiioMXratory 

on which jo front of windows on the side rf 

are required, they may be a cupboard should be 

the room away from the It should be construct^ 

about 2 feet deep and at „osio„.proof base. The 

is necessary, and ^nouiu 

manufactured for the purpose. 


j “ss." 5. 1- e 

suitable. .. — -..iJift 


. .h.t every pupil can 

t2Sb“o;rf®=^°ddemo^^^^ 

gas and electric points, and reaE 

accessible to each pupil- . . . _ 


:o each pupil. . ii inches thick, 

£eec/,es.-The tops should “Ir^rises. 

into the tops of pupu» recommended, flenen ‘yi' . . ^ 



266 TEACHING OF SECONDARY SCHOOL CHEMISTRY 
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as short as possible, leading to the main drainage channels. The 
latter arc best made of glazed earthenware: c-g. ordinary drain-pipes 
cut in half along their lengths and embedded in concrete. They 
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(i) The demonuralion bench should be placed 
wall of the laboratory, on a platform 9 inches high. It shoid 
about 10 feet in length (preferably with hinged extensions 
ends), 3 feet high and 3 feet wide. There should “ , 

space on the teacher’s side, and a recess for Itiices and to hold a sto 
or chair. The interior of the beneh should consist of ^ 

boards and drawers. The following services are suggested :-Ho) 
with water-taps, each sink 12 X 9 X 9 Inches. If one B “ “ 
with a glass front, it may be used as a pneumatic trough visible to 
class, {b) Three separate gas points with taps, (c) Two 0 ^“;^ ^ 
two low-voltage electric points. The passage-way in front o 
bench should be at least 5 feel wide so that the class can be brougni 


close when required. - . 

(ii) The pupils' benches should be separated by gangways ot 4 lec 
in width. The ‘island’ type is most suitable; 12 feet in length, « 
high, and 2 or 4 feet wide respectively for single and double benches. 
Six inches of toe space is advisable, and also knee room between 
lockers or cupboards. Some teachers are in favour of pull*out flaps 0 
provide space for note writing. Sinks with water-taps should be situ- 
ated near each end of each bench. Four pairs of gas poinu are requir . 

(iii) There should be as many side benches as possible along me 
walls; 2 feet is a suitable width. The space underneath is useful for 
storage, and shelves, drawers or cupboards may be fitted as need . 
They should include two large sinks, one with a hot-water Supply- 
Appropriate parts of the side benches must be reserved for sUl . 
ovens, blowpipe work, etc., the surfaces of these parts being covered 
by asbestos sheets. 


Cupboards and lockers . — Most chemical apparatus, especially glass- 
ware, is best kepi under cover rather than on. open shelves. Thus 
there must be ample cupboard space. Bench lockers are convenient 
in some ways, but have Ibcir disadvantages. Everything depends 
upon the method of organization of practical work: e.g. trays con- 
taining pupils’ sets of apparatus can quite well be kept in cupboards 
under side benches, if the latter are suitably situated. Cupboard 
doors should be of simple design and should fit well, in order to keep 
out dust and insects as far as possible. A wall cupboard behind a 
sliding blackboard is very useful to the teacher. 
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The nmins servicex 

In a General Science laboratory the supply of water, gas and elec- 
tricity is often limited to the side benches. In a Chemistry laboratory 
they are needed on the main benches as well. 

Water . — Laboratory work is difficult without a mains supply of 
water. In schools which arrange ibcir own supply, the tanks should 
be placed as high as possible m order to obtain a good pressure. 
(Filter pumps do not work well at less than 30 lb. per square inch.) 
It is usual to have three taps to a sink, the central one being ‘swan- 
necked’ for use with long tubes such as burettes. Taps should be 
tapered and ridged, for the fitting of rubber tubing. They should be 
made of oxidiicd gun-metal, not chromium plate. It is advisable to 
have a separate control cock for each bench. The sinks in the demon- 
straUon and mmn bertches should be fitted with wooden covers, 
flush with the bench tops, and having finger boles for easy removal 
A suitable siie is 12 X 9 x 9 inches, but the sinks in the side 
benches should be larger: say 20 x 16x6 inches. 

Gar. — Coal-gas is una\*ailable in many places, and schools then 
require a peuol-air gas plant for the Science laboratories. Such a 
plant can be driven by falling wci^ls in districts where there is no 
supply of electricity. Care must be taken to order the right kind of 
piping, fittings and Beunsn burners for the particular type of planL 
For safety and economy it is best to have separate control cocks for 
each laboratory and each bench. Gas Ups should be of robust 
design, made of oxidized gun-metal, in groups of four on the main 
benches. (Some teachers prefer to have the taps fitted under the front 
edges of the benches, but this is not v«y suitable for petrol-air gas.) 

Ueclriciiy. — This is the least important of the mains services, but, if 
possible, points should be installed as suggested above. Further 
points (plugs) are needed over the side benches: c.g. for apparatus 
such as hot plates, o\ ens, stiff, etc., especially in an advanced labora- 
tory- Laboratory w ork at night makes electric light essential. Lamps 
should be at ceiling level, cad) with its own switch, and any metal 
parts should be protected from funus. Fluorescent tubes arc prob- 
ably the most saiisfactoiy form of lighting, but expert advice is 
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Dates in the Development 

of Atomic Energy 

1896 Bwquerel discovered nalu^^o^ 

1897 Thomson discovered th 

1898 X-rays and of spontaneous disintegration 

1905 and energy are „peri- 

1912 Wilson detected ncclear parocles Ic, 

1,12 ~ discovered 

” rfsrr-cs. 

1932 Cockcroft and Walton 

accelerated protons . j,cavy hydrogen 

1932 Urey end Washburn 

1932 Chadwick dtscove^ th'”^ 

1932 Lawrence dcscrrbed Ui^^^^ 

1932 Anderson ''“'“'“^u^artiSeial odioacuvity 


1934 Curie and Joliot pri 


1934 Cuneanovn«-r- .^ajutrons 

1934 Fcmie bombarded eIeme ^^jjj,oa 
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1945 Large-scale production of plutonium- First nuclear explosion 

1946 Synchroton first operated in London. Radioactive isotopes 

aNailable from atomic pile 

1947 BerlceJ^ cyclotron working 

Note. — The above is a skeleton list, probably suSdcnt for school use. It 
could, of course, be expanded and extended greatly. 

References. — Atonue Ener^ and the Physical Sciences. Atorruc Energy 
Commisuon, 1950. U.S. Piinticg Office 
Science ai iyae. CroHtherd: Whiddiagton. H-M. Stationery 
Office, London 

Source Book on Atomic Ener^. GUsstone. Macmillan 
Applied Nuclear Physics. Pol^d & Davidson. WiJg' 
Stance News 2. (Atomic Energy Number) 
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Books for the Chemistry Library 

(F)-pubUstad in Fnncn (Fmcb bngnas.) 

(Gl-pnW'*"' of .VrntHcn 

(in-published in the Undid SlnM »■ 

1. HisioKicae 

» Curie Hcincnunfl I'J/ 

OOOULEV, The Ducuodh (G) 

U3WRY. Histartcal Jnin<lu(t »|cOraw*HiH (U) - 

dOORE. ,1 S'V"' 

T.rns'L" 

Various authors. Aicntbic c r 

RdREds ds olhe.. gas. <“• 

BABOR & LE11B.MAN. „ ^fRuud McNullj (W -j 
„DDL£ & BOSH. Chcm‘,fp'J^j;_^^ „«?<"*'' * 

BBtniN. CtoniOT.^p ^ I (G, Lil)pincoU(U) 

uuu. Chemttry cf ruday- J ' ^ ft'uw Ase- t-'Pr 

CARLETON & CARPtmt- ' ||q]1 (U) 

BULB & oihcB. ™ "aa™"'.''- .‘‘TnLS Oiuen (G) 
EU5ER & Olliers. A of ^"»”^Ktosbv (U> 

rnsDusY. Chemimy in ' lU™ Chennstry- Mnsfy 

OAlNtB & Olhcis. ‘'‘y°f“lL,J,l,s. Seeley (O) , n (G) 

GIBSON. Chfuusiry A "f ‘ > Home for >io\i- P 

dCfS. Chcnhslry Mn<™‘“i^Llun (U) 

inmEBRAND. Trlnctplcinf »>» Lyons i Canudun 

lioftiss and oilers. CAemishO * Durdcil (U) 

SAFIB. Ne.. ^ 

RLSDAU. Fo«"jr “""““i/fo, ll'est. C^id" (tJ) 

MCPHERSON &. olherse C . AmoW 

MIAU. Chcmisiry, Mactnill^ 

PAXTINOTON. A'/ friary. Sc<^y 

pmup. The RoiruJtccofChctmuT} 
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RAWLINS & sTRUBLE. Chemistry in Action. Heath (U) 

TANLINC. Genera! Ckeimsiry. Fryman (U) 

Various authors. Background Science Series. Nelson (G) 

Various authors. Common Commodities dt Industry Series. Pitmans (G) 
Various authors. Science & Everyday Life Series. Pitmans (G) 

Various authors. Van Nostrand's Chemical Annual, Van Nostrand (U) 
WEAVER &. FOSTER. Chemistry for our Time. McGraw-Hill CU) 


3. elementary TEXT-BOOKS 


BAVLES & MiLLS, Bosic Ckemistry. ^facmiitm (U) 

BISHOP & LOCKET, An Introduction to Chemistry. Oxford University Press 


BISHOP & UXKET, An Elementary Chemistry. Oxford University Press (G) 
QtATELET. Chlmie Ire d Se. BailliCTC (F) 


CODDARO & HUTtos. A School Chemistry for Today. Longmans Green (G) 


KEYS. New Introduction to Chemistry. Marrap (G) 

HOGG and others. Chemistry, a Course for Nigh Schools. Van Nosirand (U) 
tioLOERNESS & LAMBERT. School Certificate C/temisiry. Heinemann (G) 
HOLMYARD. Chemistry for Beginners. Dent (G) 
tAtAVERYS & EUssos. Chemistry. Univenity of London (C) 

UTTLER. Elementary Chemistry. Bell (G) 

M£E. A Modem Ckemistry for Schools. Dent (G) 


RUMEAU & BERTRAND. Cltemie Ire et 2<. Delagrave (F) 

sHirrr. Introductory Chemical Calculations. Univenity Tutorial Press (G) 

SUTCUFFE. Elementary Chemistry. Murray (C) 


4. ADVANCED TEXT-BOOKS 
(i) Inorganic 

ADLAM & PRICE. A Higher School Certificate Chemistry. Murray (G) 
DURANT. General it Inorganic Chemistry. Longmans Green (G) 

EPHRAIM. A Text-book of Inorganic Chemistry. Gurney & Jackson (G) 
GODDARD. Higher Chemical Arithmetic. Longmans Green (G) 

HOUDERNESS & LAMBERT. A Closs-book of Problems. Heinemann (G) 
HOLMYARD. A Higher School Certificate Inorganic Chemistry. Dent (G) 
LOWRY & CAVELL. Intermediate Chemistry, Macmillan (G) 

MELLOR. Comprehensive Treatise on Inorganic Chemistry, Loasmans 
Green (G) 6 / 

MELLOR. A Modern Inorganic Chemistry. Longnans Green (G) 
PARTINGTON. General & Jnor^ani'c Chemistry for University Students. 
Macmillan (G) 

PARTINGTON. Text-book of Inorganic Chemistry, Macmillan (G) 
PHILBRICK. Inorganic Chemistry. Bell(Gy 

piiiLORicK & Others. A Text-book of Theoretical & Inorganic Chemistry, 
Dcnl(G) • s X 
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,mcoi. Mc,„u:dia,e 

(ii) Physical 

HEYS, Physical Chemistry- Macmillan (G) 

tian. Norton fondamentales de Cliotue 
Masson (F) ^...^ organic 

DURANT. Organic Chetmlry. Masson (F) 

OWDNARD. fr*l! * 5*" Jo OTt-^c Chcrmsl'y- ArnoM ( 

HOLMYMID. ,<Ji *"?‘'“".fXSrT. Dent (O) 

MMP. Bcmimry Orgamc a ^l'y- 

MEE, O/joJiie Chtmisiry. Dent (O) ( 0 ) 

NEWBURY, yi t^oflc/Ee OtJ^' y^/Chambets (C) 

EEMIN & RtPfttto- Giraievi-'aekson (C) 

- SCHMIDT. Organic Heinemann (0) 

SHERWOOD TAYLOR. Orgcrrlc Chemistry 

5. pRACnCAI- Silver Bnrdett 

A Watkshop Vniis la Chuats") 

AMES Se SATEE. Ubcrctcry It IFotW-V ^.^Oraw-Hill (U) 

ARTtniR & SMITH, ^^Sgac- Do c2fe Chemistry- 

ADDER. Les PT/J.e/pes */ “?i>i%7o3 fi' ^ 

BABOR & LHIRMAN. Laboratory Ung"*^"* 

BELCHER & WILSON. 

Green (G) , ....y Arnold (G) -.j-v Ranii McNally 


CUMMISO « KATt. A - - 

& Jackson (G) ivarkbook. HoU (G) 

duUr & BROOKS. Chemistry 
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ECKERT Sc. Others. Discovery Problems in Chemistry. College Entrance 
Book Co. (U) 

ELDER & Others. Lohoratory Manual for College Chemistry. Ginn (U) 
FINDLAY. Practieal Physical 0ieittistry. £x)ngmans Green (G) 

FOWLER. Workbook in Chentistry. Ginn (U) 

FOWLES. Lecture Experiments in Chemistry. Bell (C) 

Fowixs. Volumetric Analysis. Bell (G) 

HOPKINS Sl others. Chemistry & You in the Laboratory. L^ons & Carnahan 

(U) 

LAMRERT Sc KUiR. Practical Chemistry. Hcincmann (G) 
liFTLER. A Short Course of Practical Chemistry, Belt (G) 

MCGILL & BRADBURY. Chemistry Guide & Laboratory Exercises, with 
Aceotr^anying Tests. Lyons & Carnahan (U) 

MaSN & SAUNDERS. Practical Organic Chemistry. Longmans Green (G) 
MEE. Practical Organic Chentistry. Dent (G) 

M££. Volumetric Analysis. Dent (G) 

PALMER. Experimental Physical Chemistry. Cambridge University Press (0) 
RAWLINS &. S7RUBLP. Chemistry in Action in the Laboratory. Heath (U) 
SUDBOROUOM te. lAMES. Practical Organic Chemistry. Dlackic (G) 
SUTCLIFFE. Practieal Chemistry for Advanced Students. Murray (G) 
TREADWELL xaLL. Qualitative Analysis. Wiley (U) 

TREADWELL &. HALL. Quantitative Analysis. Wiley (U) 

VAN PKAAC. Practical Physical Chemistry. Cambridge University Press (C) 
VOGEL. A Text-book of tactical Organic Chemistry. Longmans Green (C) 
VOGEL. A Texi-bock of Qualitative Chemical Analysis. Longmans Green (C) 
VOGEL. A Text-book of QuansUative Chemical Analysis. Longmans Green 

WEAVER. Laboratory Introduction to Chemistry. McCraw*Hill (U) 
WEisBRUCH. Semi-micro Laboratory Exercises in High School Chemistry. 
Heath (U) 

WILSON. An introduction to Micro-chemical Methods. Methuen (G) 
d. PRODIGALS 

Chemical Age Science el Vie (F) 

/>. o\cry The indastriai Chemist 

b- ae The Journal of Chemical Education 

kevue scientifique (F) The School Science Review 

School Science A Mathematics The Science Teacher 

Science Monthly The Scientific American 
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List of caicmicals 

The approximate ^^"“f werK 

classes of 25-30 pep.ls each (for Ute type 
book) are indicated as rdloets. 


Winchester quart' W 

5 Kg. (I) 

2 Kg. (U) 

IKg. (110 


500 g. (00 

250 g. ('') 

too g. (KO 

50 g. (KIO 


(t) INORGANIC 

. I r.^ll IVl Arsenic oxide (V) 

Aluminium, metal, 

Aluminium chloride (IV) 

Aluminium sulphate (VI) 

Ammonium acetate 
Aromomum carbonate (UD 
Ammonium chloride (III) 

Ammomura chromate (IV) 

Ammonium hydroxide, 

0-960 (4W) 

Ammonium molybdaW (v> 

Ammonium nitrate (v 
Ammonium oxalate (V) 

Ammonium persulphate (v; 

Ammonium sulphate (Ul) 

Ammonium sulphide (l») 

Ammonium thiocyamdc ( ) 

Antimony, metal (V) 


Barium chloride (110 
Barium hydroxide (V) 

Barium nitrate (V) 

Barium oxide (V) 

Bismuth chloride (VI) 

Bleaching powder (Ul) 

Borax (HI) 

Brotmne (V) 

Caieium, metal, tumuSiO'') 

Calcium acetate (V) 

Calcium carbide (UU 

SS“«uoride(Vl) 

Calcium hydroxide ( ) 


I A. ‘Winchesicr 4“^“. 'iA die sate oi encu* 
5 pirns), used by for the laboratoiy. 

in^e cjiceUent storage vessels w* 
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Calcium monophosphate (V) 
Calcium nitrate (V) 

Calcium oxide (II) 

Calcium sulphate (IV) 

Carbon, charcoal, animal (HI) 
blocks (25) 
wood (III) 

Carbon disulphide (II) 

Carbon tetrachloride (11) 

Chromium chloride (Vj 
Chromium sulphate (V) 

Cobalt nitrate (V) 

Copper, metal, foil (V) 

turnings (V) 

Copper carbonate, cupric (V) 
Copper chloride, cupric (V) 
cuprous (V) 

Copper oxide, cupric (IV) 
cuprous C'O 
Copper nitrate, cupric (IV) 
Copper sulphate, cupric (li) 

Hydrochloric acid, 
concentrated (4W) 
Hydrogen perowde (111) 
Iodine (IV) 

Iron, metal, filings (HI) 
wire (UI) 

Iron alum, ferric (V) 

Iron ammonium sulphate, 
ferrous (III) 

Iron carbonate, ferric (V) 
Iron chloride, ferric (IV) 
ferrous 

Iron nitrate, ferric (V) 


Iron oxalate, ferric (VI) 

Iron oxide, ferric, (VI) 
ferrous (V) 

Iron sulphate, ferrous (111) 

Iron sulphide, ferrous (III) 

I^d, metal, foil (III) 

Lead acetate (III) 

Lead nitrate (Hi) 

Lead oxide, di- (V) 

mon* (V) 
red lead (V) 

Lead sulphate (VI) 

Magnesium, metal, powder (VI) 
ribbon (VJ) 

Magnesium carbonate (VI) 
Magnesium chloride (VJ) 
Magnesium oxide (V) 
Magnesium sulphate (V) 

Manganese chloride (V) 
Manganese dioxide (11) 
Manganese sulphate (V) 

Mercury, metal (III) 

Mercury chloride, mercuric (VI) 
mercurous (VI) 

Mercury nitrate, mercuric (VI) 
mercurous (VI) 
Mercury oxide, mercuric (IV) 
mercurous (ill) 

Methyl orange (VII) 

Methyl red (VII) 

Methylated spirits (W) 

Nickel, metal, foil (VII) 

Nickel ammonium sulphate (VII) 
Nickel nitrate (VH) 
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Nickel sulphate (VI) 

Nitric acid, concentrated (2W) 
Oxalic acid (IV) 

Oxygen, gas (1 cylinder) 

Paraffin wax (I) 

Phosphorus, red (VII) 

yellow (IV) 

Phosphoric acid, syrupy (HO 
Phosphorus chloride, 
phosphoric (VI) 
phosphorous (VI) 

Phosphorus oxide, 
phosphoric (VI) 
phosphorous (VII) 

Platimzed asbestos (VI) 

Plalinum, metal, foil (IJ 

wire (2 ft) 

Potassium, metal (VI) 

Potassium acid urtrate (“ j) 
Potasaum aluminium sulphate 

av) , 

^ Potassium bromide (Y) 

Potassium carbonate (UO 
Potas^um chlorate (HO 
Potassium chloride (V) 
Potassium chromate (V) 
Potassium chrome alum (V) 
Potassium cyanide ^ 
Potassium dichromale (l^ 
Potassium ferricyanide (^ 
Potassium fcrrocyaiude (>; 
Potassium hydroxide (10 
Potassium iodide (V) 
Potassium nitrate (HO 


appendix c 

Potassium nitrite (IV) 

Potassium permanganate ( ) 
Potassium pyroantimonate (VII) 
Potassium sodium tartrate (III) 


Potassium pytoaiu.u.v..-. s 
Potassium sodium tartrate (fll) 
Potassium thiocyanate (V ) 

Pyrogallol (VI) 

Silver nitrate (IV) 

Soap, Castile (IV) 

Soda-lime (IV) 

Sodium, metal (VI) 

Sodium acetate (VI) 

Sodium alum (V) 

Sodium benzoate (1 ) 
Sodium bicarbonate (m 
Sodium bisulphite (IV) 
Sodium bromide (V) 

Sodium carbonate p) 
Sodium chloride (0 

Sodium cobalumtnte (VI) 

Sodium 

Sodium hydroxid^H) 
Sodium nitrate HV) 

tri-(V) 

Sodium silicate (I® 
Sodium sulptam (I® 

Sodium mi) 

sodium ihioM'P''”*''"' 
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Sulphur dioxide (i siphon) 
Sulphuric acid, concentrated 
C3W) 

Tin, metal, foil (IV) 

Tin chloride, stannic (V) 
stannous (V) 
Tin oxide, slanmc (V) 
stannous (V) 

(b) 

Acetaldehyde (IV) 

Acetamide (IV) 

Acetanilide (II^ 

Acetic add, glacial (W) 
Acetic anhydride (\^ 
Acetone (\V^ 

Acetyl chloride (W) 

Amyl acetate (W) 

Aniline (W) 

Bcnzaldehyde (W) 

Benzene (W) 

Benzoic acid (IV) 

Benzoyl chloride (V) 

Ben^l alcohol (V) 
Bromobenzenc (1'^ 

(Carbon tetrachloride) ‘ 
Chloroforra (III) 

Citric add (VI) 

Ether, diethyl (W) 

Ethyl acetate (W) 

Ethyl alcohol (W) 

Ethyl bromide (III) 


Wool, glass- (V) 

Zinc, metal, dust (V) 
foil (io 

granulated (III) 
Zinc chloride (VI) 
nitrate (VI) 

Zinc oxide (IV) 

Zinc sulphate (IV) 

ORGANIC 

Formalin (III) 

Formic acid (V) 

Fructose (IV) 

Glucose (TV) 

Glycerine (W) 

Methyl alcohol (HI) 
(Methylated spirits) > 

Methyl iodide (V) 

Naphthol, alpha- (V) 
beta- (V) 
Nitrobenzene (W) 

Oxalic acid (V) 

Phenol (V) 

Phenylbydrazinc (VI) 

Picric add (VI) 

Salicylic add (V) 

Starch, soluble (III) 

Sucrose (111) 

Taanic add (VI) 

Tartaric add (VI) 

Toluene (V) 

Urea(V) 

See Iht (a). 
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r *v.A Chemical laboratory 
List of Apparatus for the Chenuea 

(a) JUNIOR 

Asbestos tnau (7-5 cm. & 18 "".square) 

Atomic model set . . _ ,« „„ \ 

Balances (250 * ,5 

Balance, compression, '‘S’ 

B'l.vnces, spnng (50 g. & ^L, > 

Basins, evaporating (' ™'- , , 

Beakers, squat (250 ml. & 500 ml.) 

Beakers, tall (150 ml.) 

Beehive shelves (7-5 ""- S'™'' 30 cm. height) 

Dell-jars, ground flange (15 cm. drame 

Blo»;pipcs,mouth,20cm. ^nowmouthed, sand-blasted 

Bottles, J^'^JoOml.) 

labels ‘ (4 or 8 ^ae-mouthed, etc.) 

Dottles, various (screw*topi 
BnishM, burette 

Brushes, test-tube .. 

Burettes, with Mohr clips (50 ml.; 

Burette racks 
Burette stands 
Burner, Bunsen 


Burner, tube type 
Clock glasses (10 cm. diameter; 

.Anunonlum acetate, eatt»nate,chlonde. 

Barium chloride. 

Borax; 

Fusion mixture; ^-«iraied. «!*•“**• 

Hydrochloric aad conc«»mi 
Lead acetau; 

iSSS J»nccniraied, dilute: 
Potasaum lourcd boitW: 

Silver nitrate -iav 

Sodium carbonate, hyf 
Sulphuric acid concentrated, ou 


,e,d,oa»,naabte,salph-<la; 
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CobaU*blue glasses (5x2 cm.) 

Combustion boats, glazed porcelain 
Combustion tubes, open ends (30 X 1'8 cm.) 

Condensers, Liebig (40 cm., or double-surface 15 cm.) 

Corks, bark (10 to 38 mm. diameter) — to fit apparatus in use 
Cork shives (40 to 100 mm. diameter) 

Crucibles, with lids (4 cm. diameter, 17 ml.) 

Crucible longs, nickel (15 cm.) 

Cylinders, graduated (100, 250 & 500 ml.) 

Deflagrating spoons, steel, with brass cap 
Desiccators (10, 15 & 25 cm. diameter) 

Desiccator jars, triangular, for balance cases 
Dishes, crystallUmg (70 mm. diameter, 50 mm. height) 

Drying towers (4 x 20 cm. & 5 x 25 cm.) 

Drying-tubes, calcium chloride, straight with bulb (12 X 1*5 cm.) 
Files, round 
Files, triangular 

Filter papers (9 & 11 cm. diameter) 

Filter pumps, chromium-plated 

Filter stands 

Flasks, conical (2SQ ml.) 

Flasks, distilling (100, 250 & 500 ml.) 

Flasks, flat bottom (250 & 500 ml.) 

Flasks, graduated (100, 250, 500 & 1,000 ml.) 

Flasks, round bottom (250 & 500 ml.) 

Funnels, burette (5 cm. diameter) 

Funnels, dropping (100 & 250 ml.) 

Funnels, filter, short stem (7-5 cm. diameter) 

Funnels, thistle (25 cm.) 

Funnel stands, to take two funnels 
Furnace, muffle, 1,000*’ C. 

Gas jars, wjth ground covers (4 X 20 cm.) 

Class rod (3, 4, 5, 6 mm. diameter) 

Glass tubing (4 to 25 mm. intenud diameter) 

Glass tubing, capillary (4 mm. external diameter) 

Litmus paper, books (r^, blue and neutral) 

Mercury troughs 

Mortars and pestles, porcelain (50 ml.) 



appendix d 


285 


Retort stands, «“h nnss^ a few larger sires) 

^rtfurgc/lon^r^—dianreter, 

Rrrbbct tubiitg, Bunsen burner 
Rubber tubing, pressure (5 mm.) 

Sand baths (7 cm. diameter) 

Spatulas, horn-uitd a f™ , 

Specimen tubes, with cap (25 X 50 mm ) 

Taps, glass (5 mm. bore) 

Test-tubes, boiling (2-5 X 15 am) 

Test-tubes, hard glass (1-6 X 12-5 cm.) 

Tcsi-lubes, ignitioa (1x5 

TS-mb.s;sortglass(l-6Xl2-5cm.) 

Test-tube holders 

Test-tube stands (5 1“'“ * , 

Thermometers (- 10 to -h HO C.) 

Tiles, while (10 X 10 cm.) 

Triangles, pipeclay (5 on) 

Tripods {correct '“’S'" „ <30 cm. diameter, 12'5 cm. 

Troughs, pneuma-.c«.*;"»J^J,) 

Troughs, glass (30 X 22 „ ,5 em.) 

U-tubes, drying, with side jj.j „ diameter) 

Water baths, with rings, 

weighing bottles wiUi «^25 x 50 mm) 

Weights, boxes, for ,2.5 ,,„.) 

Wire gauaes (20.mesh, 12 

(b) AOVANtS) 

SS is, w"^(s-i.ive to 0-2 mg.) 

Boyle’s law apparatus 

Burettes, with stopcocks (50 ml.) 

Cells, hydrogen electrode, 

Centrifuge 

Charles’s law apparatus 


depth) 
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Crucibles, nickel 
Dumas’s apparatus 
Flasks, filter (250 & 500 ml.) 

Forceps 

Fractionating columns 
Funnels, fritted 

Gas analysis apparatus, Hempel’s 
Gooch crucibles 
Indicators, set 
Landsberger’s apparatus 

Molecular wight apparatus, Beckmann’s (thermometer in 1/100° C.) 
Nitrometer 

Pipettes (I & 2 ml., graduated in 1/10 ml.) 

Porous pots (5 cm. diameter, IS cm. height) 

Thermometers (0 to 110° and 360° C.; — 10 to + 50 X 1/5° C) 
Victor Meyer’s apparatus 


(c) GENERAL 

Accumulators (in the absence of a mains supply of electricity) 
Acid trays, porcelain 
Barometer, mercury (Fortin’s) 

Bell'jais, stoppered 

Bench, workshop, with vice, etc. 

Blowpipe (with bellows, elc.) 

Buchner funnels 
Buckets 
Candles 
Chisels 

Cork borers (3 to 25 mm. bore) 

Cork-borer sharpener 
Cork-cutting knife 
Cork squeezer 
Cutter, gbsS'tubing 
Dusters 

Enamel, anti-con-osion 
Film-strip projector 
Fire equipment 
Funnels, enamelled 
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Funnels, glass (large) 

Gas Jjghler 

Glass cutter, diamond 

Grease 

Hacksaw 

Hammer 

Hot-air oven 

Hot-water oven (ma^ be incorporated in the still) 
Insulating tape 

Jugs, enamelled (also mugs, saucepans, etc.) 

Jugs, stoneware 

Kipp's apparatus 

Magnets 

Matches 

Medione bottles 

Microscope 

Micro-projector 

Oil-can 

Ozonixer 

Faint 

Paint brushes 

Pincem 

Pliers 

Rulers 

Sand-paper 

Scoops, aluminium 

Screwdrivers 

Soldering set 

Stencils, for labels 

still, dislilleil water Cprcrerably includiiiE oven) 

String 

Stop-watch 

Swabs 

Tapers 

TJiermostat, water-bath, with stirrer 

Tinman’s snips 

Towels 

Voltameter, copper 
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Voltameter, nickel electrodes 
Waste boxes 
Winchester quart bottles 
Wire cutlers 
Wooden splints 
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List of Suitable Contents for a 
First-Aid Cupboard 

The Jxrst'Otd ouljii. — Bandages, adheave plaster, lint, gauze, cotton- 
wool, slings, safety-pins, eye-bath, sterilized bum dressings, tannic 
acid jelly for burns, etc. (Solutions should be kept in distinctly 
labelled bottles.) 

Adds. Vinegar (dose 1 02 . in a quarter of a tumblerful of water); 
citric acid (dose 20 grains in a quarter of a tumblerful of water); 
1 per cent, solutions of acetic add, boric acid (for eye-wash), and 
picric acid (for bums). 

Borax. 1 per cent, (eye-wash). 

Calcium carbonate. (Dose } oz. stirred up in a quarter of a 
tumblerful of water. Repeat dose.) 

Friar's balsam for capillary bleeding. 

Iodine tincture. <2-5 g. iodine, 2*5 g. potassium iodide, dissolved 
in water, made up to 100 cc. with alcobol.) 

Lime-water. 

Magnesium sulphate. (Dose J oz. in 8 oz. of water.) 

Milk of magnesia. (Dose i oz. stirred with a quarter of a lumbict- 
ful of water.) 

Mustard. (Dose one tcaspoonful of mustard in 8 oz. of water.) 

Olive oil as demulcent. 

Sodium bicarbonate, (a) 1 per cent, eye-wash; (h) S pet cent, 
solution. 

Sodium chloride. (Dose one tablcspoonful in tumbler of warm 
water.) 

Sal volatile. (Dose one leaspoonful in glass of water.) 

Sodium sulphate. (Dose i oz. in 8 oz. of water.) 

Tannic acid. 

Vaseline. . 

Zinc sulphate solution. (Dose, as emetic, 30 grams m 8 02 . ol 
warm water.) 
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Chemical Names and Formulae of Some Common 
Substances 


CLbpo^H^) 

atae 


FonnuX* 

Alabaster . . . 

(A juiuial fonn of 
hydrated) caldum 



sulphatft 

CaSO,.2H.O 

Alum .... 

— See ammooia-alum. etc. 


Aliimifia , , , 

Aluounium oxide 

A)tO» 

Ammo&ia • . . 

Ammonla(-^y (aitrogen 
tribydride) 

NH, 

Anuno&iA ... 

(Aqueous soliuioo of 
anunonia aad) am* 



fBouium bydroode 

MH.OH 

Amninnla.a3um 

Ammonium alum 

(HH<>,SO«A),(S04),24H,0 

Ammomuio liydnte 

>^e« ammonia (solotioo) 


Anicul . 

-See bone-black 


Anthraate . . / 

(A hard coal, as mudi as 



i 9750 carbon 

iC 

Aqua ibnl«. . . 

1 (CoDCsctraled) oitrio add 

HNO, 


(Mixture of cooccotrated) 
oitric and hydrochloric 1 



adds 

— (HNO, & HO) 

AneniureUCd 

Arune; arsenic hydride 


hydrogen 

(arsenic Uibydiide) 

AsH, 

Baking-powder 

(Mixture of) sodium bi* 
carbonate and cream of 



tartar 

— (NaHO), & NaC4H,OJ 

Bakiag>soda . . 

Sodium bicarbonate 

NaHC», 

BUck-lead . . . 

—-See siapdiite 


Bleaching-powder . 
Blue vicnoi . . 

—See chloride of lime 


(Hydrated) copper 



wphale 

CuS04.5H,0 

Bone-black . . 

(A zcixtore of about 90^ 
and 10% of) calcium 


phosphate and carbon 

- (Ca,(P04),iS:Q 

Borax .... 

(Hydrated) sodium 


pyroborate 

NajB.Oj.lOH.O 

Braas . . . . 

(An alloy ol) copper and 


zinc 

— (Ca&Zo) 

BrimuoDC . . . 

(Roll) suipbtu 
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■ r 

' i 

FonnuU 

ConuDon 

(le.popuUi) 1 

IMKD* 1 

Chcmicd osm# 

k— — 

Brhic ! ^ 

1 

(Concentrated or 
saturated soluuon oO 
sodium chloride 
(An alloy oO copper and 

lin .A 

1 

INaO 

Bronze ‘ ’ 1 

1__ (Cu&Sn) 


Calamine . • • 

Calomel . • • 

Cane sugar 
Carbide • • 

Carborundum . 

Caustic poush 
CausUc soda . 
Chalk . . • • 

Chile saltpetre . • 
China day . • • 

Chloride of lime • 


Coal . 
Coal-gas 


Common salt - • I 

Corrosive sublimate 
Corundum • • • 

Cream of tartar • 

Diamond • • * 

Duralumin . • • 

Dutch metal . • 

Emery . • • ' 

Epsom salts • • 

Fire-damp • • 


^ — • I znCUi 

carbonate u q 

Mercurous chlondc i cTiHuOi; 

Sucrose \ caC» 

I Calcium car bide i 

' Silicon carbide 
! Potassium hydroxide 
Sodium hydroxide 

(A natural form of) \c^cO» 

calaum carbonate 
1 _Sec saitsxtre I 

j _see kaolin . . . 

1 (A mixture oOdluefly 

1 calaum hyp^n‘« 

I aaibissceaiotim 

(^oTtbaa 60% *>0 

(^^SireofchkOy) , 

cibon ' 

i (Up to about 80% oO 
' carbon 
—See salt 

MetcariceWowte 
I (A natural forni oi 
'^llumina) aluminium 


. (H,.CH,&CO) 


corundum) 

i sulphate 
I _scc marsh-^ 


.MgS0..7H.0 
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CoDUDan 

Qx. POCXJUi) 


Formuls 

Flowers of sulphur 

(A form of powdered) 


sulphur 

S 

Fluorspar . . . 

(A natural form oO 


calcium fluoride 

CaF» 

Galena .... 

(A natural form of) lead 



sulphide 

PbS 

Glass .... 

(A mixture of chiefly) 
silicates of caldum and 

1 


sodium or potassium 

— 

Glauber’s salt . . 

(Hydrated) sodium 



sulphate 

Na,SO«.lOHtO 

Glyotriae . . . 

Glycerol 

C,H,0, 

Grape sugar . . 

Fructose 

C.H„0, 

Graphite . . . 

(A natural, and a 
monufaentred, form oO 



carbon 

C 

Green vitriol . . 

(Hydrated) ferrous 



, sulphate 

FeS0*.?K»0 

Gypsum . . . 

^ (A aatuni tcTia of . 

1 bydraud) caldum 1 


i sulphate ' 

CaS 04 . 2 H ,0 

Haematite . . . 

1 (A aanual form o/> ferric < 


oxide 

Fe.O, 

Horn silver • . 

(A riatural form oO silvier ' 


chloride 

Aga 

Hypo (hvposiJphite) 

(Hydrawd) sodium 

Industrial spirit . 

lUosulp^te 

Na^.OaJHjO 

(Mixture of wood spirit 
and 95% of) ethyl 


alcohol 

C»HvOH 

Irooaluro , . , 

Potassium fenic alum 

K^0,J^Ca(5OJ,.24H,O 

Iron p)rrites . . 

Iron (ferrous) disulphide 

FeS, 

Jeweller’s rooRc . 

Ferric oxide 

Fe,0, 

Kaoixa .... 

(A oarural fona oCa) 


silicate of aluminium 

Al,H^i,0, 

LauRhiog-Eas . . 

Nitrous oxide 

N,0 

lime .... 

— See quicklime aad 
slaked lime 

Ume*water . . 

(A solution oO caldum 


Limestone . . . 

hydroxide 

Ca(OH), 

(A ruturaf fona oQ 

liauor aoimoniae 

caldum carbonate 

CaCO, 

(ConceAUsted aqueous 


tortis 

solutiotwS.G.: 0-S£0— 
of) anunoiiia and 



asuDonium bydnuide 

NH,OH 
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lilharge . • 
Lump ammoni? 
Lunar causlic . 
Magoalium . • 


Marsh-gas . 
Methylated spirit 


Nitre . • * 
OUofviuiol . 

Phosgene . • 

Phospboretled 

hydrogen 


Plumbago . • 

Potash . • • 

Potash alum • 
Producer-gas • 


Prussian blue • 
Pnojsic acid • 
Quartz . • • 

Quicklime . • 

Quicksilver • 

Rectii^ 


ZT IPbO 

Lead monowoe i 

_Scc sal volatile 1 

Silver nitrate 

(Alloy of magnesi^^ 

other metals with 95 /o _ 

of) alunuruum - 

Magnesium oxide 

(A natural fom o|l 
1 gaidum carbonate 
. 1 Methane _ 

. (Wood spirit, o^r 

itDpuriues.a^®5/.olj ^ 

ethyl alcohol 

Sodium ammoruum 

hydrogen (ortho)pho$ 

(S*usp!nsioi‘*“»‘l“““* 
solution «f CalO 

calcium hydroxide 

; H.S. 

■ 1 

■ sulphate . 

Potassium KiS 

_ 

FotSStocP^' ,[C 

• ■ silicon Ca 

(^um oMnn ,1^ 

; '■ c. 


SaNH.HPO. 


u,o. 

(CaSOJiH.O 

^ (Ni CO) 

__ (formula not known) 
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lUd lead . . 
Red pnmiate or 
poUsh 

Rock aousonia 
Rock oysul . 
Rock salt . , 

Sal ammoniac . 
Sal volatile 


Saltpetre . , 
Salts of lemon 
Sand . . . 

Slaked lime 
Soda . . . 
Soda*Um« . . 


Sugar . . , 

Sugar of lead . 
Sulphuretted 
bydfogea 
Tartar emetic . 

Turnbull's blue 
VenJjgm . ^ 


Triplunibic tetroude Pb ,04 

PoUssium ferricyaoide X,Fe(CN)« 


— See sal volatile 
—See quartz 
(A natural form oO 
sodium chloride 
Ammoniunt chloride 
(Chieily) ammonium 
carbotute 
Sodium chloride 
(Aqueous solution oO 
sodium chloride 
Sodium nitrate 
Potassium quadroulate 
(A natural romi of 
silica;} silicon dioxide 
Calcium hydroxide 
—See wasmn|>$oda 
Quicklime slued by 
caustic soda soluJon 
A super-saturated aqueous 
solution of carbon 
dioxide 
(CoacenCraC^ 
hydrochloric acid 
— ^ caoe sugar 
Lead acetate 
Hydrogen sulphide 


— «NHJ,CO0 
NaO 

NjQ 

NaNO, 

KH,C 40 ,JH ,0 


— d: N’eOW 


- (00»&lf,COJ 


(CH»COO)jPb 

H.S 


Potassium aatimooyl 
tartrate 

Ferrous fetn^anide 
(Chiefly) haw copper 
carbonate 

(An impure, dilute solution 
of) acetic add 
— Sm oil of vitriol, blue 
vitriol, etc. 

(Usually concentrated 
sulphuric add) 
(Hydrated) sodhan j 

carbonate | 

(A mixture of diiefly) j 

hydrogen and carbon 
moQoude ' 


KSbC.M.O, 

Fc.[Fc(CN),l. 


— (CuCO».Cu(OH}a 





White lead . 
Whitt vitriol 
Wbilcwarit. 


(An aqueous, 

chiefly) sodium __ {NaiS»0>) 

nwtasiUcate 1 2 PbCO,.Pb(OH). 

lSSSe,‘^^S?b.uUuso..7H.o 


Wood spirit . •- )HYdrated)pottssiu“ 

Yellow prussiatt of 1 


. (''Sf^-oOnuu ^ 

sulphide _ 


,FeCCN)tJH»0 


ladex 


Accideols: sec 'First-aid’ 

Accuracy: see ‘Errors’ 

Acids, precautions in storage of, 
89 

— , small-scale experimenu with, 
163 
Air, 31 

Aliphatic compounds, 4(M6 
Alkalis, experiments with, 121 
Aluminium, oxidation of, 247 
Ammonia, preparaUon of, 6S 
Apparatus, 32, 86-87, 103, 236-238, 
283-288 
—.cost of, 110 
— , diagrams of, 218-225 
— , improvised, 93-94, 98-103 
— , Kipp’s, sutiiitulc for, 243 
— , stiull'scale, 1S7-I75 
— , storage dt care of, 92-95 
— , students’, 96 
— . unilfittbgs, 162 
Arittunetie, chemical, 1S3-156, 186 
Aromatic compounds, 44 
Atomic energy, 51, 273 
Atomic theory, S, 177-178, 192-J93 
Atoms, 177 


Balance-room, 271 
Benches. 96, 267 
Blackboard, 221. 225, 269 
Books, list of, 275 
Bunsen burner, lesson on, 60-61 
Bums: see ‘t^t-aid’ 


Calciu m carbonate, experiments with, 
107, 121, 168 

Calculations, chemical, 150, 153-157 
Carbon cj'cle, 80 
Carbon dioxide, 107. 145 
Carbonates, experiments with. 168 
Castner-Kelincf process, 2^232 
Catalysis, 207, 246 

Charts, making A use of, 43. 225-229, 
253 

Chemical arithmetic, 153-156, 186 


Chemical clubs, 262 
Chetnical equilibrium, 190-192 
Cbeo^caJ names for common sub- 
stances, 181, 292 

Chetnical terms, teaching of, 202-203 
Chetnical theory, teaching of, 176-197 
Cbcmicak, 85-92 

— , amounts of for experimeois, 103- 


107 

— , cost of, 109 
— , dangerous, 108, 116-119 
— , storage of, 88-W 
Chemistry as a hobby, 15, 24S-2SO 
benefits from studying, 11 
— , cultural value of, 6, 8, 11 
— , descriptive, 176 
— , history of, 1-5, 55, 275 

— laboratory, see 'Laboratory' 

— libfary,88, 192, 275 

— , limiutiocLS of knowledge in, 174 
micro-, 139, 157-175 
—projects in elementary, 255, 258- 

— , pure & applied, 6 
— ^.research, 195-197 
— , small-scale, 139, 157-175 
— , sodal implications of, 9-10 
Chemistry, advanced, elementary, gen- 
eral, in General S^nce, inorganic, 
o^anic, physical: see ‘Syllabus* 
CbcmisUy teaching, aims & ideals in. 
12-14 

— .critidsmsof, 16-19 
— . for advanced students, 32-36 
methods in, 33, 57-84, 12B-137, 
176-197 

Coal, project on, 253 
CoaJ,^, experiment with, 64 
GonservaCion of mass, law of, 4, 28, 
133, IPS. 24P. 230 

Copper, experiments with, 168, 171, 
245 


Correlation of subjects, IS, 66, 229. 
252-253, 254 

— of teaching with environment, 251- 
256 



Cost of chemicals, 109 
— of experiments, 109-111 
Courses for non-spcaalisls. 5^55 
Crystals, exhibition of, 259, 261 
Cupboards, 268 

Dalton plan, 58 , 

Danger with chemicals, 89, 111. H®. 

— in experiments, 116, 118 

— ofhre, 113, 116 

— with gases, 108 ,, w 

Dates in chemical history, 55, 27J 
Definitions, 205-208 
Deliquescent substances. W 

Demonstration ben^ 268 

Demonstration methods, 120. 127 i 

, advantages of. 128-129 

— , research on, 134-136 
Diaeranu.218 
— , error* in, 223-225 
-.secUonal. 220-223 
— , text'book. 219 
— , use of, 225 
— , value of, 220 
Diamonds, 196 ,£n_ixi 

Distillation, small-scale, 160-161 
Drawings: sec 'Diagrams 
Drying of gases, 65 


Effidency of the chemist. 1 12 
Elllorescent substances, 91 
Elccuidly supply, 2™ 

Electrolysis cxpcnmcnis, lO/* „ 
Electromotive force senes. 17J.^ 
Environment & the Science course. 
251-256 

Equations, 182-192 
— , introduction of, 176 

Equilibrium, chemical. 190^ 

Equipment: sec 'Apparatus 

223-225 

— , variable, 148 
Essay writing. 210 
Ethyl alcohol, 40. 41 . 

ExaminaUons, 17. and see TesU 


ExhiWfions, school. 257--62 
Experimental technique. 23^25y 
Ex^riments, cost of. 109-111 
-,«>umerpo.s^.I« 

dangerous. 108. 116-119 
—.demonstration. 127-li/ 
—.electrolytic, 103. 169, 170 
—.individual. 127-137 
s^l-scalc. 157-175 

Explosive reactions, 116 

F,cu.pru»nution»U^.Jj.»*' 

Films as visual aids. :p3-2J4 
Fire, 

Formulae. 176, 17^1» j 

_ of common substances. 18'. 
Fume-cupboards, 267 

CaMFCOlWon 

Odnididug. '251-256 

General Science, 2^23."' " 

Gravimetric analysis, 145 

lS£S"i”20,.22-U2.»3. 

Hj-piesu.defiruuonof.13 


Imptodulion «f 

f05. 158-125 ,22. 152-133 

research on, ^ 

Industrial 

Inllamnuble •S)lUbus’ 

Inorganic 245 

Insuuction*, laboratory. 
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INDEX 


Kipp’s apparatus* 243 


Labels, 89, 283 juU87 23fr- 

Laboratory. apparatus for, 86-87. lifr- 
238, 283-288 

116-119 

— dedgQ, 263-271 

_iniliuai0M,244 ■ 

— , organization of, 8>-i 

— records, 87 

— rules, 111-113 , ,o«_'7n7 

Language, influence of. 19«-207 

Uwofconstantcomposiuon.S 

— of conservation of mass, 4, 28, 138, 
196.248-250 

— of mass action, 171 

— of multiple ptoporuons, 5, li» 

L^-dJambet process, za 
Le<turc-rocin,271 

first in coarse. 5W2 
— , methods in, 62-6S 
— , nous for. 57 

preparation of, 32 
— , procedure dunng. 74-76 

273 

Ijebig condenser, lOl 
Lockers, laboratory, 59, 97 


MeU-od. in ^fhtag 

mX^SSv - 

chemistry’ 

Micro-projcctor, 235 
Minerals. 261 
Models, 177, 229-232 
Molectfles, 177 
Museums, 262 


Nitrogen cjr-de, 71 
>airogen fi»Uon. 70 
Note-books, pop^ 

diamms m, 2l5-2i> 

, maikiDg of, 210, 212-217 

NoU5,talo»gof, , 

— — , training m, 20»-zi / 
Holice-boaids, 225 


Organic cbemisuy. we 'Syllabus 
Osmosis, 174 
OudalioD, 245, 247 
Ozygen.244,246 
Ozone, 167 


Mains services, laboratciy. 270 
•Makers of chemisuy’, 2, 3 
Marking of note-books, 212 
' Mathematics, ^ 

Metallic sulphides, 245 
MetalUe trees, 173, 259 

Metals.39,48.116.174 

Methods in teaching, 33, 5^ 

— theory. 176-197 
—.Dalton plan, 58 

— experimental technique, 236-250 
. heuristic, 122-127 

.laboratory, 120-137 

— of^ils,131 

—.project, 251-262 

— qoantiutive work, 138-156 


Periodic table, 36 
periodicals, soenct, o6, zra 
Phlogiston theory, 4 
Phosphorus, storag^f. 89 
Physical changes, 207 .. . . 

Pbj-sical chemisuy: see Syllabus 

238 

aiithiuti^. 153-156, 186 

^ practical, 239-250 

Propas, 255-259 ,r,,i85 212- 

Pupils, errors of, 146. 182 l , 
215,223-225 
— , interests of, 73-74 


Qualitative analysis, 38, 50 
—.small-scale, 170 .,^7 122.138- 

Q^thaiive analysu. 4, 107, 122, 

156 


.ETavimcttic,145 

, volumetric, 143-146 



INDEX 


299 


Quantilies of substances in experi- 
ments, 103-107 
Questions: see Tests’ 

Radicals, }7S>-I^ 

— , valency of, 179 
Reagents, storage of, 89, 91 
— , 2N solutions of, 91 
Reference books, 88, 273 
Research, 195-197 

— on teactung methods, 134-136 

— on vocabulary, 202 
Revision, 77, 16S, 182 

Rules for the laboratoiy, IK-IlI 

Salts, preparation of, 107 
Scientific definitions and words; see 
’Language* 

Sdentiiie doubt, 193 
Scientific method, 3, 11, 113 
Screens, film-projeeiion, 233 
Sectional drawings, 220-223 
Side reactions, 69 

Small-scale chemists. 139. 157-175 
advantages of. 157 
Sodium, 64, 230-232. 242 
— . storage of, 89 
Solubility, 62, 82, 99. J40. 240 
Solutions of reagents, 91 



Steam distillation, 160 
Stock-book, 85, 87 
Stools, laboratory, 269 
Storage of apparatus, 92-98 
‘—of chemicals, 88 
— precautions, 89 
Sugars, J72 
Sulphides, 345 
Sulphur, 167. 229 


Sulphur & its compounds, 228 
Sulphuric add, 81, 229 
Syllabus, advanced, 32-53 
— , elemenuuy, 21-32 
— , general chemistty, 48-50 
— , General Science, 24-32 
— , inorganic, 39, 48-SO 
— , mo^cations to, 68-70 
— , non-specialist, 53-55 
— , organic, 40-46, 51 
— , physical, 48-50 
Symbols, 176, 178. 210. 216 

Teacher, inexpenenced, 57 
— , outlook of. 72 
— .qualificatioosof, 15 
Terminology, 205, 206 
Tests, oral and written, 76-84 
— , cbssificatioa of, 83-84 
— , for beginnert, 200-201 
— , revision, 76-78, 165 
— , varied types, 78-82 
Text-books, 17. 67, 275 
—.diagrams in, 219 
-.use of. 33, 39, 58 
Titrations, 143, 152 
Transfer of training. 13, 19 

Unit apparatus. 162 

Valency. 177-182 
Visual aids. 218.232-235 
Vi^wneiric analysis. 143 

Water, hardnea of, 140-141 
— , project on, 253 
— , Jaboraloty supply of, 270 
Words, scientific, 199, 202, 210 
Written work, 208-212 



